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EXECUTIVE SUMMARY 
The technology for collection, evaluation, and interpretation of pavement 
deflection measurements has been evolving at a rapid rate for the past decade. 
Similarly procedures for evaluation of pavement materials in the laboratory have also 
progressed significantly. The technology associated with deflection testing equipment 
and laboratory testing equipment has also evolved in a similar fashion. 
Early techniques for evaluation of paving materials typically involved static or 
near static testing and analyses procedures. More recently, field evaluation 
techniques have involved dynamic testing and analyses. Dynamic testing equipment 
may be generally grouped into two broad categories: vibratory testers and impulse 
testers. Vibratory testers involve such commercially available devices as the 
Dynaflect and Road Rater. Impulse testing devices typically involve some type of 
falling weight deflectometer apparatus whereby an impulse load is applied to the 
pavement by dropping a mass some fixed distance. 
Deflection measurements from dynamic loading have been used in Kentucky 
since 1971 for evaluation of pavements. Early evaluation procedures typically 
involved the use of relative comparisons of deflection measurements from one location 
to another. Those evaluation procedures were very successful in terms of locating 
weak areas relative to strong areas. Later, research and development activities 
involved the use of deflection analyses to backcalculate effective pavement layer 
moduli. Elastic layer theory has been used to model deflection measurements 
obtained from the Road Rater and other deflection testing devices. Procedures have 
been developed whereby modelled theoretical deflections may be used to backcalculate 
effective pavement conditions for both asphaltic concrete and Portland cement 
concrete pavements. 
Researchers in Kentucky have not attempted to directly correlate 
backcalculated modulus obtained from field deflections with moduli values obtained 
from performance of standard laboratory procedures on laboratory specimens. This 
study was initiated to attempt to relate laboratory values of moduli to backcalculated 
modulus values. The general objectives of the study were as follows: 
(1) To develop correlations of pavement material properties backcalculated 
from field deflections measurements with properties of pavement materials obtained 
from laboratory testing and analyses. 
(2) To review literature and conduct necessary evaluations to determine 
whether other procedures (other than layer elastic theory) for modeling pavement 
deflections result in more appropriate correlations ofbackcalculated properties with 
laboratory defined properties. 
(3) To determine relationships between deflections (and change in deflection 
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with time) and laboratory determined properties of pavement components (and 
changes in properties with time). 
It was originally intended to collect field data from 50 to 100 locations 
distributed throughout the state. However, the Study Advisory Committee concluded 
that that many sites would require more manpower, time, and funds than were 
available; therefore, the number of study sites was reduced to 20. 
In 1987, the United States Congress passed the Surface Transportation Act. 
Included as a part of that act was 150 million dollars for the Strategic Highway 
Research Program (SHRP). A large portion of SHRP was to be the long-term 
performance monitoring of thousands of sections of in-service highways located 
throughout the nation. This was referred to as the LTPP portion of SHRP. Sections 
that were to be monitored were referred to as GPS (General Pavement Studies) 
sections. 
To assist SHRP in choosing these GPS sections, the states were to submit a list 
of possible candidate sections for consideration. A master list of Kentucky pavements 
was assembled and sent to SHRP for their use. SHRP narrowed the list of possible 
candidates, and returned this shortened list along with a data form on which to 
assemble specific test data for that individual candidate section. Ultimately, seven 
sites were chosen in Kentucky to be a part of the national LTPP-GPS program. 
The Study Advisory Committee concluded that these seven sites should be 
included as a part of this study. An additional 13 sites were then chosen (using the 
same criteria as those used in choosing the GPS sections of the LTPP program of 
SHRP) to be monitored in an identical fashion as the national LTPP sites. 
The Kentucky Transportation Center obtained cores at each 500-foot long test 
site, in 1989. In addition, moisture samples of the DGA and the sub grade at the 100-
and 400-foot marks were obtained. Two CBR tests were performed at both of these 
areas. Shelby tubes were also collected where suitable subgrade was present. No 
trenching operations were conducted by the Kentucky Transportation Center. SHRP 
excavated a 4-foot by 4-foot test pit at each asphaltic concrete site. Nuclear density 
tests were performed on the DGA and/or subgrade at each site. Bag samples were 
obtained of the subgrade and the DGA. Jar moisture contents were also obtained. 
Shelby tubes or standard penetration tests were obtained at each site. A 20-foot auger 
boring was also performed at each site on the shoulder of the road to verify bedrock 
depth. 
The Kentucky Transportation Center conducted visual distress surveys for 
1989, 1990, and 1991. Each site was inspected for any sign of surface distress, such 
·as rutting; transverse, longitudinal, and/or alligator cracking; spalling; ravelling; 
bleeding; and pumping. Each site was video taped, and surface distress was 
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photographed. 
The Kentucky Transportation Center performed deflection tests using both the 
FWD and the Road Rater. In this report, Road Rater deflections were compared using 
a 600-pound load with Road Rater deflections obtained using other load levels. Also, 
FWD deflections obtained using a 6,000-pound load are compared with FWD 
deflections obtained using other load levels. Finally, correlations were made between 
FWD deflections and Road Rater deflections. 
Correlations between load levels of the FWD are less variable than are 
correlations between load levels of the Road Rater. This indicates that FWD data 
have less experimental error than do Road Rater Data. 
Sensor No. 1 of the FWD yields a disproportionately larger deflection reading 
than does Sensor No. 1 of the Road Rater (when the different load magnitudes are 
scaled to the same magnitude). This is partially due to the location of the sensors, 
and partially due to the nonlinear behavior of the pavement structure. 
The correlation between the No. 4 sensors on the two testing devices is very 
poor. This is primarily due to the large variation (scatter) in the data from the No. 
4 sensor of the Road Rater. 
Until further research is conducted, it appears that correlations between the 
two devices should be performed on a sensor-by-sensor basis and not by combining 
the data from the first four sensors into one data set and performing correlations on 
the entire data set. 
Deflection data obtained from the Road Rater were used to backcalculate 
subgrade moduli. Values of sub grade moduli varied widely within the 500-foot length 
of the test section. Backcalculated values of subgrade moduli using deflections from 
the 600-pound loads were generally higher than values calculated from the 1,200-
pound and 1,800-pound loads. From this, it may be concluded that a 1,200-pound 
load is likely to yield the most consistent results when using the Model 400 Road 
Rater. An in-depth study has not been conducted to confirm and explain this result; 
however, it would appear the 600-pound load may not produce deflections that are 
sufficient to be within the appropriate operating range of the sensors. The 1,800-
pound load may be sufficient to produce extraneous machine vibrations that the 
sensors are reading. 
It appears subgrade modulus may be somewhat related to rainfall pattern, 
with a nine- to 12-month lag. This apparent relationship developed from the data 
obtained from both testing devices, and therefore, does not appear to be machine 
related. 
In general, subgrade modulus values backcalculated from the FWD are greater 
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is critical that more long term data be obtained, to refine these models and to make 
estimations that are more accurate. 
------- - --- -- --rt ___ i8--apparent-more--soiliii8iicated.-mo-d.eiTng--techniques--~o"iiid. enhance_____________ -
predictive capabilities. It is recommended that further work be performed in this 
area to develop these models. 
It is recommended that the data base that has been developed to date on these 
test sites be used as a basis for continuing to monitor and record behavior. It is 
recommended that these sites continue to be monitored annually (as is currently 
being done). From this long-term data, it will be possible to continue to develop and 
refine the models developed in this study. The refined models will more accurately 
predict the service life of all pavements in the future. 
AB a part of the process of refining these models, and continuing 
implementation a computer program will be developed that will include all the 
models in one interactive program. The designer or pavement manager will then be 
able to estimate the complete service history of a proposed new design or the 
remaining service history of an in-service pavement. 
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INTRODUCTION 
The technology for collection, evaluation, and interpretation of pavement 
deflection measurements has been evolving at a rapid rate for the past decade. 
Similarly procedures for evaluation of pavement materials in the laboratory have also 
progressed significantly. The technology associated with deflection testing equipment 
and laboratory testing equipment has also evolved in a similar fashion. 
Early techniques for evaluation of paving materials typically involved static or 
near static testing and analyses procedures. Examples include: unconfined 
compression testing, California Bearing Ratio tests, plate load testing, and deflection 
testing using the Benkelman beam. Early pavement design and performance 
experience was based almost entirely upon this type of information, and this 
information is still the primary basis for pavement design and performance 
evaluations. 
More recently, field evaluation techniques have involved dynamic testing and 
analyses. Dynamic testing equipment may be generally grouped into two broad 
categories: vibratory testers and impulse testers. Vibratory testers involve such 
commercially available devices as the Dynaflect and Road Rater as well as custom 
developed devices such as the vibratory devices developed by the Army Corps of 
Engineers and the Federal Highway Administration. Impulse testing devices 
typically involve some type of falling weight deflectometer apparatus whereby an 
impulse loading is applied to the pavement by dropping a mass some fixed distance 
to develop an impulse load. The general concept behind any of the dynamic testers 
is to develop a loading application simulating or perhaps duplicating typical traffic 
loadings applied to in-service pavements. 
Recent research activities have involved comparisons of static analyses versus 
dynamic analyses for both field and laboratory evaluations. The observed variations 
have resulted in considerable debate regarding appropriate criteria for pavement 
design and also evaluation of pavement quality control. 
Deflection measurements have been used in Kentucky since 1971 for evaluation 
of pavements. Early evaluation procedures typically involved the use of relative 
comparisons of deflection measurements from one location to another. Those 
evaluation procedures were very successful in terms of locating weak areas relative 
to strong areas. Later, research and development activities involved the use of 
deflection analyses to back-calculate effective pavement layer moduli. Elastic layer 
theory has been used to model deflection measurements obtained from the Road 
Rater and other deflection testing devices. Procedures have been developed whereby 
modelled theoretical deflections may be used to backcalculate effective pavement 
conditions for both asphaltic concrete and Portland cement concrete pavements. 
Research has demonstrated that deflection measurements may vary from 
theoretically calculated deflections (using elastic layer principles) because of nonlinear 
stress dependent characteristics associated with asphalt-bound materials, granular 
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pavement material properties may be correlated with backcalculated pavement 
material properties. 
Researchers in Kentucky have not attempted to directly correlate back-
calculated modulus obtained from field deflections with moduli values obtained from 
performance of standard laboratory procedures on laboratory specimens. This study 
was initiated to attempt to relate laboratory values of moduli to backcalculated 
modulus values. The general objectives of the study are as follows: 
(1) To develop correlations of pavement material properties backcalculated 
from field deflections measurements with properties of pavement materials obtained 
from laboratory testing and analyses. 
(2) To review literature and conduct necessary evaluations to determine 
whether other procedures (other than layer elastic theory) for modeling pavement 
deflections result in more appropriate correlations ofbackcalculated properties with 
laboratory defined properties. 
(3) To determine relationships between deflections (and change in deflection 
with time) and laboratory determined properties of pavement components (and 
changes in properties with time). 
BACKGROUND 
Backcalculation Methods 
There are several methods of determining subgrade strength and effective 
structural condition of pavements through backcalculation. Lytton (1) discusses 
several methods ofbackcalculation, including some historical methods, microcomputer 
methods, impulse and response analysis methods, and systems identification 
methods. 
The concepts of deflection basin area and basin shape factors have been 
documented by Thompson (2). This method uses regression equations to calculate 
nonlinear resilient layer moduli from deflection basin area, shape factors, and center 
deflection. This method was developed for use in the absence of expensive computer 
analysis. 
Hossain and Zaniewski (3) discuss several methods that have been used for 
evaluation deflection basins. They also evaluated deflection basins using an 
exponential curve of the form Y =A *e8 X, where Y is the deflection (mils), and X is the 
radial distance from the center of the load. Coefficients A and B are functions of the 
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pavement structure. It was found that the degree offit of the equation was useful for 
judging the ability of the deflection bowl to be evaluated by a deflection matching 
Mahoney, Coetzee, Stubstad, and Lee (4) used six separate techniques to 
evaluate layer moduli for five test sites in Washington State. The backcalculation 
techniques and results of the laboratory moduli, and the overlay thicknesses were 
generally in agreement but with some notable exceptions. 
Zhou et al. (5) have developed a microcomputer program based on equivalent 
thickness and Boussinesq theory. The program can quickly and accurately 
backcalculate layer moduli. 
It is generally known the backcalculated moduli values are dependent upon 
temperature, frequency, and load levels. Southgate et al. (6) developed a method for 
correcting moduli values for temperature and frequency. Germann and Lytton (7) 
have also published a method for correcting moduli values for temperature and 
frequency. In addition, the same authors reported a method for correcting for load 
level using stress-strain data that had been converted to hyperbolic functions. 
Resilient Modulus 
Elliott and Thornton (8) concluded in their research that the resilient modulus 
is a fundamental material property and that it provides a measure of the load-
induced stress-strain behavior of the subbase (soil and granular subbase layers). This 
behavior in turn governs the response of a load on the pavement system. They also 
concluded that resilient modulus should not be the only judging or controlling 
property when evaluating a soil or granular material since resilient modulus provides 
no means for evaluating rutting (permanent deformation). They also pointed out that 
there are several factors that affect the resilient modulus causing it to vary 
seasonally throughout the pavement life. Therefore, it is difficult to select one single 
soil resilient modulus for design. 
They also concluded that, on paper, the AASHTO Guide selection procedure is 
straightforward, but the estimation of seasonal moisture variation involves a lengthy 
amount of testing. They suggest that a more practical approach is to test at a single 
period, most closely representing average conditions on a yearly basis, such as late 
spring. 
Vinson (9) discuss the work of several researchers and practitioners to provide 
a sound understanding of the fundamentals of resilient modulus testing. They 
concluded that ifthe tests are properly conducted on specimens that represent in-situ 
conditions, and that tests will provided resilient modulus values which then may be 
used in the mechanistic pavement design approach. 
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Monismith (10) presents a summary of the stiffness characteristics of a number 
of materials comprising pavement sections. He also stresses the importance of 
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when selecting the actual stiffness values for pavement design and analysis. In 
addition one must insure that the stress versus deformation characteristics of the 
laboratory specimens are representative of the materials in situ. 
Thompson and Robnett (11) did an extensive study on soils in the state of 
Illinois. Significant correlations and relations were developed between resilient 
behavior and factors such as static strength, degree of saturation and modulus data. 
The regression regressions that they developed may be used to predict the probable 
resilient properties of a soil. The soils were limited to fine grain soils that are 
encountered in pavement construction in the state and are similar to other soils in 
other areas of the country. 
Bell (12) compared laboratory compaction devices based on their ability to 
produce mixtures with engineering properties similar to those produced in the field. 
The mobile steel wheel simulator most closely simulates field compaction but will not 
be broadly implemented because of its inability to produce specimens of the varied 
geometries which will be required by AAMAS. The Texas gyratory compactor and the 
California-type kneading compactor most generally do an acceptable job in simulating 
field compaction. The Marshall impact hammer does not adequately simulate field 
compaction. 
The cited studies indicate that there are several factors and variables that 
must be taken into consideration prior to conducting laboratory testing to determine 
the resilient modulus of a specimen. 
FIELD DATA SITES 
It was originally intended to collect field data from 50 to 100 locations 
distributed throughout the state. However, the Study Advisory Committee concluded 
that many sites would require more manpower, time, and funds than were available; 
therefore, the number of study sites was reduced to 21. 
In 1987, the United States Congress passed the Surface Transportation Act. 
Included as a part of that act was 150 million dollars for the Strategic Highway 
Research Program (SHRP). A large portion of SHRP was to be the long-term 
pavement performance (LTPP) monitoring of thousands of sections of in-service 
highways located throughout the nation. These sections that were to be monitored 
were referred to as GPS (General Pavement Studies) sections. 
To assist SHRP in choosing these GPS sections, the states were to submit a list 
of possible candidate sections for consideration. SHRP published a set of criteria for 
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selecting pavement sections to be included in the LTPP-GPS portion ofSHRP. Their 
project matrix included such variables as general ranges of subgrade strength, traffic 
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candidate sections included the following: 
- sites should be relatively moderate in grade and alignment 
- should be at least 0.5 mile between discontinuities 
- should not have lanes added or have been widened 
-should be no older than 1970 
- should have uniform traffic movement over section 
- original surfaces should not have been ground or milled 
- should not have more than one overlay 
- should not have received a seal coat within one year 
- AADT times the percent of trucks should be greater than 200 per day. 
A master list of Kentucky pavements was assembled and sent to SHRP for 
their use. SHRP narrowed the list of possible candidates, and returned this 
shortened list along with a data form on which to assemble specific test data for that 
individual candidate section. The Division of Materials searched their files for the 
appropriate test data and a final list was prepared and resubmitted to SHRP. SHRP 
then selected the final sites according to their needs on a national basis and on the 
available Kentucky data included in that final list. Ultimately, seven sites were 
chosen in Kentucky to be a part of the national LTPP program. 
The Study Advisory Committee concluded that these seven sites should be 
included as a part of this study. An additional13 sites were then chosen (using the 
·same criteria as those used in choosing the GPS sections of the LTPP program of 
SHRP) to be monitored in an identical fashion as the national LTPP sites. Table 1 
lists the 20 sites, and Figure 1 is a map of their locations. (The site that was listed 
as No. 10 was deleted before the study began; therefore the total number appears to 
be 21 because No. 10 is missing.) Appendix A gives a detailed description of each 
site, along with a photograph at each location. 
It should be noted that Site No.4 (Pennyrile Parkway) has been overlaid since 
the beginning of this study, and apart from data obtained in the first two years, no 
further data will be collected from this site. 
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FIELD DATA COLLECTION AND SURVEYS 
Asphalt Cores 
Kentucky Transportation Center obtained cores at each test site, in 1989. The 
cores were obtained within the 500-foot test section, 100 feet and 400 feet from the 
start of the test section. Four, six-inch cores were obtained at the 100-foot and at the 
400-foot location at each site. The only exception was KY 4 where the cores were 
taken +50 and -50 feet outside the 500 foot section. The cores were all obtained in the 
right wheel path in a circular type pattern. 
SHRP obtained cores outside the 500-foot section at both ends. On the 
asphaltic concrete sites, SHRP took a total of fourteen 4-inch cores, two 6-inch cores, 
and six 12-inch cores. SHRP also removed a 1-foot by 1-foot block sample from a test 
pit. A sample of SHRP's coring pattern for the asphaltic concrete sites is shown in 
Figure 2. 
On the jointed plain concrete pavement sites, SHRP took a total of twelve 4-
inch cores, two 6-inch cores, and six 12-inch cores. A sample of SHRP's coring pattern 
for the jointed plain concrete sites is shown in Figure 3. 
Subgrade Samples and Trenching 
Kentucky Transportation Center took moisture samples of DGA and the 
subgrade at the 100- and 400-foot marks. Two CBR tests were performed at both of 
these areas. In addition, Shelby tubes were obtained where suitable subgrade was 
present. No trenching operations was conducted by the Kentucky Transportation 
Center. 
SHRP excavated a 4-foot by 4-foot test pit at each asphaltic concrete site. 
Nuclear density tests were performed on the DGA and/or subgrade at each site. Bag 
samples were obtained of the subgrade and the DGA. Jar moisture contents were also 
obtained. Shelby tubes or standard penetration tests were obtained at each site. A 20-
foot auger boring was also performed at each site on the shoulder of the road to verify 
bedrock depth. 
Visual Distress Surveys 
Kentucky Transportation Center conducted visual distress surveys for 1989, 
1990, and 1991. The sites were each inspected for any sign of surface distress, such 
as rutting; transverse, longitudinal, and/or alligator cracking; spalling; ravelling; 
bleeding; and pumping. Each site was video taped, and surface distress was 
photographed. Surface distress of each site has been plotted (Appendix B). 
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SHRP conducted a visual distress survey of each site in 1989. SHRP video 
taped and noted surface distress according to the SHRP Distress Survey Manual. 
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Deflection Testing 
The Kentucky Transportation Center performed deflection test using both the 
FWD and the Road Rater. In 1989, deflection test were obtained at each site at the 
100-foot and the 400-foot mark. In 1989, 19 sites were tested. At seven of the sites 
tested with the Road Rater, the 1,200-pound load only was used. An applied load of 
9,000 pounds was used with the FWD at the same seven sites. At the other 12 sites 
tested with the Road Rater, the load was varied (600 pounds, 1,200 pounds, and 1,800 
pounds). The load from the FWD was also varied using loads of6,000, 9,000, 12,000 
and 15,000 pounds. FWD and Road Rater tests were performed at mid slab on rigid 
pavements 100-feet and 400-feet into the 500-foot test section. 
SHRP tested the same sites in 1989 but only with the FWD. SHRP varied the 
applied loads at each site. At flexible pavement sites, SHRP applied four different 
range of loads of 6,000, 9,000, 12,000 and 16,000 pounds. The tests were conducted 
in the outer-wheel path at the test pits, at the mid lane every 25 feet, and at the 
outer wheel path every 25 feet. 
At rigid pavement sites, SHRP applied three different ranges of loads of 9,000, 
12,000 and 16,000 pounds. The tests were conducted 1) outer wheel path at the test 
pits 2) mid-lane at the mid-panel 3) pavement edge at the corner 4) pavement edge 
at mid-panel 5) outer wheel path at the joint (Table 2). 
In 1990 and 1991, Kentucky Transportation Center conducted their FWD 
testing according to SHRP standards. Two additional test sites were also added in 
1990. 
Temperature Gradient Measurements 
SHRP conducted a series of temperature gradient measurements at each site. 
Two locations near the test section were selected as representative of the sun-
exposure conditions at the site. Measurements were obtained at periodic time 
intervals. The measurements were made at the surface, mid slab, and the bottom. 
(Figure 4). 
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DESCRIPTION OF TESTING DEVICES AND 
PROCEDURES FOR BACKCALCULATION METHODS 
Description of Road Rater 
The Model 400B Road Rater was manufactured by Foundation Mechanics, Inc. of 
El Segundo, California. The testing head on the Road Rater is mounted on the front 
bumper of a heavy-duty pick-up truck and consists of a vibrating mass weighing 160 
pounds, which impulses the pavement. The forced motion of the pavement is 
measured by velocity sensors normally located at 5.25 inches, 12 inches, 24 inches, 
and 36 inches from the center of the test head (Figure 5). The vibrating mass is 
suspended by a system of rubber bellows. A second set of bellows housed in the test 
head distributes the dynamic load equally to two "feet". Frequency of the vibrator 
may be chosen from preselected frequencies of 10, 20, 25, 30, and 40 Hz. The 
vibrating mass is lowered to the pavement by a hydraulic system. Optimum and 
resonant frequencies are a function of the location of the test head, the dynamic rorce, 
the location of the load-bearing "feet", and the pavement structure. The dynamic force 
is a function of frequency and amplitude of vibration and the pressure in the 
hydraulic system. 
To determine the appropriate frequency or frequencies at which to perform the 
Road Rater test, the response of a pavement to the vibrating mass of the Road Rater 
was determined for several full-depth asphaltic concrete pavements and conventional 
three-layer pavements. Resonant frequencies of the total pavement structure were 
usually multiples of approximately 7Hz. The thickness of the asphaltic concrete layer 
appeared to cause the resonant frequency to shift 1 or 2Hz at the 21 and (or) 28Hz 
normal resonant frequencies. Resonance at these frequencies was indicated by 
oscillations of the meter's needle as opposed to the normally "rock steady" behavior. 
In all cases, the meter response remained steady at 25 Hz, which was chosen as the 
reference frequency. A frequency of 25Hz and an amplitude of vibration of 0.06 inch 
results in a peak to peak dynamic force of 600 pounds. Once the dynamic force is set 
for a given frequency and amplitude, the other preset frequencies will vary the 
amplitude of the vibrating mass such that the dynamic force remains constant for all 
of the pre-selected frequencies. The composite loading consists of a static load of 1,670 
pounds with a dynamic force of 600 pounds, peak to peak, oscillating about the static 
load. The loading is transmitted to the pavement by two "feet" symmetrically located 
on either side of a beam extending ahead and supporting the sensors. 
The dynamic loading (sine wave) of the Road Rater may be approximated by a 
square wavj'l, so that the maximum or root-mean square value of the square wave is 
equal to IN 2 times the peak value of the sine wave. For short time periods, this is 
representative of a steady-state condition which approximates a static load (see 
Figure 6). The peak to peak loadings of the Road Rater are 1,882 pounds and 1,458 
pounds. From symmetry, the loads on each "foot" of the test head are equal to 941 
pounds and 729 pounds. The dynamic deflection is defined by: 
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where 
D941 and D729 represent the deflections calculated by a layer 
elastic computer program from the peak loading conditions. 
Description of Falling Weight Deflectometer 
The Falling Weight Deflectometer which was utilized during this study is a 
JILS-20, also manufactured by Foundation Mechanics, Inc. The basic operation of 
the FWD consists of lifting a weight to a given height above the pavement and 
dropping it onto a spring-buffer system. The spring-buffer system transfers the load 
to the pavement over a duration of approximately 20 milliseconds. The load applied 
to the pavement and the peak deflections at various radial distances from the center 
of the load are measured. 
The JILS-20 FWD has a load capacity of 2,500 to 25,000 pounds. The 
deflections are measured at intervals ofO, 12, 24, 36, 48, 60, and 72 inches from the 
center of the loading plate (Figure 7). The load is adjusted by varying both the drop 
height and the amount of weight dropped. The deflections at the radial locations are 
calculated from the outputs of velocity transducers. The operation of the FWD and 
the calculation of the deflections are carried out using a personal computer contained 
in the tow vehicle. All data collected (peak deflection at each radial distance and 
peak load) are stored on the personal computer for processing. 
Summary of Backcalculation Procedures 
Backcalculation procedures were described in some detail in Reference 20. 
Much of the information described under this section in this report is taken directly 
from that reference. 
There has been considerable use of elastic theory and dynamic testing to 
estimate layer moduli. Since 1971 in Kentucky, Road Rater deflections have been 
used as indicators of the characteristics of individual layer components of the 
pavement structure. 
In many backcalculation procedures, is assumed that the thickness of all layers 
below the asphaltic concrete have remained as constructed. It is also assumed that 
fatigue and deterioration reduce the effective thickness of the asphaltic concrete to 
some equivalent thinner thickness of good quality material. In existing pavements, 
the thickness of the dense graded aggregate (DGA) is assumed to have remained as 
constructed. The other variables which influence the behavior of the pavement are 
the effective thickness of the asphaltic concrete and the strength of the sub grade. 
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Using elastic theory, a relationship relating subgrade modulus and Road Rater 
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concrete modulus and variable DGA modulus. The modulus of the DGA is assumed 
to vary with the modulus of the layers which confine it. Therefore, for a constant AC 
modulus and variable subgrade modulus, the DGA modulus must vary as well (17). 
The equation relating pavement deflection and subgrade modulus may be expressed 
as follows: 
where: 
Log(delta) = (K) * Log(Esub) + L 
delta = Road Rater Deflection (in), 
K = Slope of the log-log Line, 
L = Constant, and 
Esub = Elastic Modulus of the Subgrade (psi), 
(1) 
Both K and L are dependent upon the asphaltic concrete thickness and DGA 
thickness, they may be described by third degree polynomials. The development of 
this equation is given in detail in (16). 
The modulus of elasticity of asphaltic concrete varies as a function of both 
temperature and frequency of loading (18). The thickness design procedures for 
Kentucky are based on a modulus of asphaltic concrete of 480,000 psi at 0.5 Hz and 
a temperature of 70 'F. Therefore, these reference conditions have been utilized for 
the analysis of RR data. Since the RR tests are conducted at a constant loading 
frequency of 25 Hz, a reference modulus at this frequency must be selected. A 
reference modulus of 1,200,000 psi at 70 'F has been determined to represent the 
480,000 psi modulus at 0.5 Hz. 
When field measurements are made, the pavement temperature and time of 
day are recorded. This information in addition to the five-day mean air temperature 
history are needed to calculate the mean pavement temperature (19). The 
relationship of asphaltic concrete modulus, frequency of loading, and temperature 
may be expressed as follows; 
LOG(EAc) = (A+ B(Tp) + C(Tp?) + [(D + E(Tp) + F(Tp?) * Log(Hz)], (2) 
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where: 
EAc =Mean Asphaltic concrete modulus, 
Tp =Mean Pavement Temperature( degrees Fahrenheit), 
Hz= Loading Frequency in Hertz, 
A= 6.763855405, 
B = -0.0072846915, 
c = -0.0001108391, 
D = -0.1741191221, 
E = 0.0074997275, and 
F = -0.0000180328. 
An adjustment procedure has been developed to adjust field deflections to a 
reference temperature (70 "F) and modulus (1,200,000 psi) (3). The adjustment 
procedure uses ratios of deflections at the reference conditions to deflections resulting 
from an array of various asphaltic concrete moduli and pavement thicknesses. The 
relationship between asphaltic concrete modulus, pavement thickness, and 
adjustment factor may be expressed as: 
where: 
AFi = Adjustment Factor for Sensor j, 
j =Road Rater Sensor Number, 
EAc = Mean Asphaltic Concrete Modulus, 
AC = Asphaltic Concrete Thickness, and 
(3) 
Hl> H2, H3, H4, Ml> M2, M3, and M4, = Regression Constants (16). 
These two relationships are used to adjust field deflections to equivalent 
deflections at the reference conditions. 
Pavements generally exhibit distresses which may be grouped into three 
categories. The first is deterioration of the asphaltic concrete slab, the second is the 
loss of support of the subgrade, and the third is a combination of the two. Any of 
these problems will cause the pavement to have decreased structural capacity. 
A method of determining the type of distress was developed using deflections 
which have been calculated using elastic theory. The deflections are plotted as radial 
distance from the load versus log of the RR deflection. A semi-log line is then 
projected through the magnitudes of the No. 2 and No. 3 deflections to the location 
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of the number 1 deflection. This procedure is know as the 2-3 Projected approach. 
This line may be represented by the following equation. 
Log (No. lPmjected) = 2 * Log(No. 2) - Log(No. 3) (4) 
In addition, another relationship was developed relating the No. 1 projected 
deflection to the actual No. 1 deflection for theoretical structures. This equation is 
developed across a range of subgrade moduli from 6,000 to 60,000 psi, with constant 
structural section and asphaltic concrete modulus. This equation may be expressed 
as follows: 
Log(No. 1) = M * Log(No. 1 Projeeted) + B, 
where: 
M = Slope of the line, and 
B = Intercept. 
(5) 
For a given combination of layer moduli representing a pavement structure, 
there is a unique theoretical deflection bowl. For this theoretical deflection bowl, 
there is a difference between the No. 1 projected deflection and the actual No. 1 
deflection. This also holds true for deflections obtained in the field with the Road 
Rater. Normally, these differences for both theoretical and field deflections are 
similar. 
Equations 4 and 5 may be used to determine the portion of the pavement 
which is distressed. Equation 4 is used to calculate the projected No. 1 deflection 
from the field data. This value is then input into Equation 5 to determine the 
corresponding theoretical No.1 deflection for this structure. A comparison of 
theoretically calculated No.1 and Field No.1 is an indicator of which portion of the 
pavement structure may be distressed. 
If the theoretically calculated No. 1 deflection is less than the actual measured 
No. 1 deflection, then the asphaltic concrete is in a weakened condition (Condition 1). 
If the calculated deflection is greater that the measured No. 1 deflection, then the 
subgrade or the portion of the structure below the asphaltic concrete is weak 
(Condition 2). 
Two parameters are needed as input into the current overlay design procedure. 
These parameters are the elastic modulus of the subgrade and the structural worth 
of the existing asphaltic concrete (effective thickness). The calculation of the effective 
thickness and in-place subgrade modulus are dependent on the results of the above 
comparison. The type of distress will determine if actual field No. 1 deflections or 
theoretical No. 1 deflections, calculated from the projected field No. 1 deflection, are 
used to calculate the effective asphaltic concrete thickness and subgrade modulus. 
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The theoretical deflections were developed using a matrix of variable material 
thicknesses and elastic layer moduli. In the flexible pavement model a thickness 
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as the asphaltic concrete thickness divided by the total pavement thickness, asphaltic 
concrete and dense graded aggregate. This is the same ratio which is utilized in 
Kentucky's pavement design procedure. Ratio's of 1.0 (full depth asphaltic concrete), 
0.5, and 0.33 were used in that study. As mentioned earlier, the modulus of the 
dense graded aggregate is assumed to be a function of the confining layers of 
asphaltic concrete and subgrade. 
The matrix of structures used to develop the model covers a wide range, but 
not all possibilities. Therefore to calculate deflections which were not included in the 
database, an interpolation procedure must be used. Lagrangian interpolation (21) 
was utilized to determine the deflections for structural sections which were not 
calculated by the database, but are within the ranges of the database. This method 
of interpolation is valid for an infinite number of data points. 
The Lagrangian interpolating formula may be expressed as follows, 
where each L;(x) is expressed as 
L,(x) _ (x-x0) ••• (x-xi-l)(x -x,, 1) ••• (x-xn) 
(x, -x0) ••• (x, -x,_1)(x, -x,, 1) ••• (x, -xn) 
(6) 
(7) 
The P0 (X) is the deflection desired for the value of x, where x may be layer 
modulus or layer thickness. For interpolation of the database, the Yn would represent 
the deflections and X. would represent the layer moduli or thicknesses corresponding 
to the deflections that are being used for interpolation. 
A personal computer-based program was written to perform the interpolation 
across each database. The program was developed using Microsoft QuickBASIC 
Version 4.5 (22). This program performs all necessary interpolations and least 
squares calculations necessary to calculate the matching deflection bowls. 
The least squares calculation may be represented by the following equation: 
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(8) 
where: D1r, D2f, D3r, D4r are the field deflections and 
Dw D21 , D3, D4, are the theoretically calculated deflections. 
The methodology of the model is to interpolate across the database for the 
known parameters and then perform iterative calculations on the remaining 
variables. Normally, the structural cross section is known; therefore, the database 
is interpolated for layer thickness directly. The remaining unknowns, elastic moduli, 
are calculated using an iterative procedure. 
To provide better relationships for interpolation, the common logarithms of the 
values have been utilized. The use of a logarithmic relationship provides more 
accurate interpolation. 
The following input information is needed to perform the calculations: layer 
thicknesses (AC and DGA), field deflections, test date and time of test, and 
temperature information (surface pavement temperature and 5-day mean air 
temperature). 
Once the structural cross section of the pavement is known, the database may 
be interpolated for these thicknesses. The database is interpolated first for the 
thickness ratio (thickness ofDGA/ total pavement thickness). The relationship oflog 
of the thickness ratio versus deflection is interpolated for the known thickness ratio. 
This creates a new database which contains data only for structures having the same 
thickness ratio. The new database is then interpolated for the AC thickness using 
the relationship oflog (AC thickness) versus log (deflection). This database contains 
deflections for a matrix of structures for various AC and subgrade moduli, at the field 
AC and DGA thickness. 
The modular ranges for the database used in the model are AC moduli of 
50,000; 500,000; and 2,000,000 and subgrade moduli of 3,000, 12,000; and 60,000, 
respectively. For determining the theoretical bowl which will best match the field 
bowl, deflections at other layer moduli within these ranges must be calculated. The 
Lagrangian coefficients of Li(x) are calculated for both the AC and subgrade moduli. 
Coefficients are calculated for AC moduli on increments of 50,000 psi from 50,000 to 
2,000,000 psi. For subgrade moduli, coefficients are calculated on 1,000-psi 
increments from 1,000 to 100,000 psi. 
The process of determining the best fit deflection bowl based on the AC and 
subgrade modulus is an iterative process. First an AC modulus is assumed, based 
on a relationship of log (AC modulus) versus log (deflection). The current database 
is then interpolated for AC modulus. This provides a database which is a function 
of subgrade modulus and pavement deflection. The deflections are calculated for 
15 
different subgrade moduli based on the relationship oflog (subgrade modulus) versus 
log (deflection). The subgrade modulus is varied in 1,000 psi increments from 1,000 
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compared and the least square calculation, Equation 8, is performed. 
If the least square is less than the current minimum least square, then the AC 
modulus and subgrade modulus are stored as the best fit modular values for the 
given deflections. This iteration process is carried out for AC modulus increments 
previously outlined. A total of 4,000 different modular combinations are tested for 
the best fit theoretical deflection bowl. The combination oflayer moduli, representing 
the smallest least square is assumed to be the best fit layer moduli for the input 
deflections. 
The moduli selected by the previous procedure are utilized to determine 
another range of moduli with smaller increments. The range for the AC modulus 
calculations is set as 50,000 psi above the value calculated in the previous step to 
50,000 psi below this value. The AC modulus is then varied in 10,000-psi increments. 
The same iterative procedure is conducted, using the same increments of subgrade 
modulus, and refined values of AC modulus and subgrade modulus are determined. 
These values are then selected as the best fit layer moduli, representing the 
measured field deflections. The deflections have not been adjusted for temperature; 
therefore, these moduli are determined at the prevailing pavement temperature. 
All backcalculated moduli values in this report were determined using the new 
models recently developed at the Kentucky Transportation Center and reported in 
Reference 20. 
CORRELATION OF ROAD RATER AND 
FALLING WEIGHT DEFLECTOMETER 
As stated previously, deflection tests were performed on these sites 
simultaneously using the Model 400B Road Rater and the JILS-20 falling weight 
deflectometer. In this section of this report, Road Rater deflections are compared 
using a 600-pound load with Road Rater deflections obtained using other load levels. 
Also, FWD deflections obtained using a 6,000-pound load are compared with FWD 
deflections obtained using other load levels. Finally, correlations are made between 
FWD deflections and Road Rater deflections. 
Road Rater Deflections 
Figures 8 through 11 show the relationship between deflections for a 1,200-
pound and 1,800-pound load as compared to a 600-pound load for the Road Rater (for 
all sensors). A regression analysis was performed on all the data, and the regression 
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lines are shown in those figures. The regression analysis between the 1,200-pound 
load and the 600-pound load yielded a better "R2" for all four sensors than did the 
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the 1,200-pound load ranged from a low of 0. 720 at Sensor No. 2 to a high of 0.902 
at Sensor No. 1. The R2 values for the 1,800-pound load ranged from 0.620 to 0.803 
for Sensors No. 4 and No. 1, respectively. Although attempts were not made to 
confirm this, it is suspected the scatter in the 1,800-pound data is partly due to the 
sensors detecting extraneous machine vibrations because the 1,800-pound load is 
approaching the upper limit of the capacity of the Model 400B Road Rater. 
If the deflection response were linear, the slopes of the regression lines in 
Figures 8 through 11 should be proportional to the ratio of the 1,200-pound and 
1,800-pound loads to the 600-pound load. This means the slopes of the 1,200-pound 
regression line and 1,800-pound regression line should be 2.0 and 3.0, respectively. 
The largest slope for the 1,200-pound load was 2.257 (Sensor No. 3). This is an 
increase of 12.9 percent over what would be expected for a true linear response. The 
largest slope for the 1,800-pound load was 4.145 (Sensor No.4) which is an increase 
of 38.2 percent over a linear response. 
FWD Deflections 
Figures 12 through 14 compare the relationship between deflections from the 
FWD at 9-kip, 12-kip, and 16-kip loads with a 6-kip load for three sensor locations. 
The comparisons are made at the center of the load (0 inches), at 36 inches, and at 
60 inches (Sensors No. 1, No.4, and No.6, respectively). There are good correlations 
at all three locations and at all three load levels. From the regression analysis 
performed on all the data, the minimum R2 at the center of the load was 0.900 (16-
kip load). The minimum R2 at the 36-inch location was 0.863 (12-kip load), and the 
minimum at 60 inches was 0.789 (16-kip load). 
The degree of apparent nonlinearity of the FWD deflections with increasing 
load was considerably less than with the Road Rater. If the deflection response were 
linear, the slope of the regression lines in Figures 12 through 14 should be 1.5, 2.0 
and 2.67 for the 9-kip, 12-kip, and the 16-kip loads, respectively. The largest 
deviation from those ideal slopes was at the 36-inch location using the 16-kip load. 
The slope was 3.002. This is 12.6 percent greater than a true linear response. 
Comparison of Road Rater and FWD 
Figures 15 through 18 compare deflections from the Road Rater at 1,200 
pounds to deflections from the FWD at 9,000 pounds. Deflections from Sensors No. 
1 through No. 4 on both machines are compared. Some error is introduced in this 
comparison as the comparable sensor numbers are not at the exact same distance 
from the center of the load. The greatest difference is for Sensor No. 1. As shown 
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in Figure 15, Sensor No. 1 is 5.25 inches from the center of load in the Road Rater, 
while Sensor No. 1 is at the exact center of load in the FWD. The dashed lines in 
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been forced through zero. The ratio between load magnitudes of 9,000 pounds for the 
FWD and 1,200 pounds for the Road Rater is 7.5; therefore the slopes of the true 
regression lines in Figure 15 through 18 should approximate that ratio. The slope 
of the true regression line in Figure 15 for the No. 1 sensors for the two machines is 
10.961 ---a difference of 46 percent. Much of this difference may be attributed to the 
difference in distances from the center of the load. 
The distances from the center of the load for Sensors No. 2 and No. 3 are 
reasonably close to the same magnitude (see Figures 5 and 7). The slope of the true 
regression line for Sensor No. 2 is 7.845, and for Sensor No. 3 the slope is 7.530. 
These values are close to the expected ratio. 
The relationship shown in Figure 18 is between the No. 4 sensors of the two 
devices. Clearly, there is a very poor correlation between the two data sets. The 
slope of the true regression line is only 2.01 (instead of 7.5) and the R2 value is only 
0.196. A statistical analysis on each data set shows the Road Rater data have 
considerably more variation than does the FWD data. The coefficient of variation for 
the Road Rater data is 58.2 percent, while the FWD data had a coefficient of 
variation of less than half that of the Road Rater at only 24.6 percent. It is suspected 
that the 1,200-pound load of the Road Rater produces such small deflections at the 
No. 4 sensor that the noise-to-signal ratio is very high for that sensor. The noise-to-
signal ratio is the ratio of background electrical noise and ambient vibrations to the 
electrical signal produced by the velocity transducer. It should be noted that all of 
the deflections from the Road Rater are less than 0.4 mil. This is at the extreme low 
end of the range of the 80-mil ( 40 mils) velocity transducer that is used. These two 
facts would make the deflections from the No.4 sensor of the Road Rater less reliable 
and would undoubtedly result in greater variation in the readings. 
Because FWD loads are considerably greater than Road Rater loads, it would 
be expected that greater nonlinear response would be exhibited by FWD deflections 
than by Road Rater deflections (assuming the pavement materials are nonlinear 
materials); however, the converse is true. It must be concluded, therefore, that some 
of the apparent nonlinear behavior is related to the testing devices and not to the 
pavement structure. There are two possible reasons. The first reason, mentioned 
earlier, is the 1,800-pound load on the Road Rater is approaching the upper limit of 
the machine. This may be producing greater vibrations of the machine that are being 
detected by the sensors, and the amplitude of these vibrations could be superimposed 
on the amplitude of vibrations produced by the pavement response, producing larger 
than true readings. A second reason may be the steady-state nature of the Road 
Rater vibrations. The higher loads from the Road Rater may be producing some 
temporary pore pressures in the dense-grade aggregate base and/or the subgrade, 
which may be causing partial liquefaction, reducing the shear strength, and 
producing higher deflections. 
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The sensors of both devices can be read to the nearest 0.01 mil. Therefore, the 
least error that either machine could detect at each sensor would be 0.01 mil (this is 
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measured by the machine). In matching measured deflection bowls to theoretical 
deflection bowls, the least sum of squares of the residuals is used to determine the 
"best-fit" bowl. The minimum sum of squares of the residuals for the Road Rater 
would be 0.01 mil multiplied by 0.01 mil multiplied by the four sensors, which is 
equal to 0.0004. For the FWD, the minimum sum of squares of the residuals would 
be equal to 0.0007. In many occasions, field deflection bowls are matched to 
theoretical deflection bowls using sums of squares of residuals that are smaller than 
0.0004 when using the Road Rater. This simply says that the Road Rater cannot 
distinguish between any two cross sections of pavement represented by two 
theoretical deflection bowls that yield a sum of squares of residuals that is less than 
0.0004. This same statement may be made concerning the FWD when the difference 
between the sum of squares of residuals of two theoretical deflection bowls is less 
than 0.0007. 
This situation often occurs when using the Road Rater to test very thick or very stiff 
pavements. Under these conditions, the sensors are being used at the extreme lower 
end of their sensitivity. 
FIELD AND LABORATORY DATA ANALYSIS 
Subgrade Analysis 
Deflection data obtained from the Road Rater were used to backcalculate 
subgrade moduli using methods previously published by Sharpe, Southgate, and De en 
(6, 13, 14, 15, 16, 17) and by Graves and Allen (20). Table 3 lists the backcalculated 
values for subgrade moduli for 14 of the LTPP sites for the year of 1990. The 
calculated values are shown for 600-pound, 1,200-pound, and 1,800-pound loads. This 
same information is plotted in Figures 19 through 23. Also, Table 4 and Figures 24 
through 27 lists and graphically display this same information for the year of 1991. 
Only average values for backcalculated subgrade moduli were available for 1989, and 
these will be discussed later. 
Values of sub grade moduli varied widely within the 500-foot length of the test 
section. Backcalculated values of subgrade moduli using deflections from the 600-
pound loads were generally higher than values calculated from the 1,200-pound and 
1,800-pound loads. Figures 28 and 29 show the average backcalculated subgrade 
modulus and coefficient of variation for each test section for 1990 and 1991, 
respectively. Information from these figures indicates the coefficient of variation is 
generally less when using a 1,200-pound or 1,800-pound load. This is further 
illustrated in Figures 30 through 32. Figures 30 and 31 are scatter graphs of the 
coefficient of variation for 1,200 pounds and 1,800 pounds versus the coefficient of 
variation for 600 pounds. Most of the points in both figures fall below the line of 
equality, indicating a higher value for the coefficient of variation for the 600-pound 
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loads. Figure 32 is a scatter graph of the coefficient of variation for the 1,800-pound 
loads versus the coefficient of variation for the 1,200-pound loads. These data points 
are scattered more closely about the line of equality; however, more points are above 
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loads. From this, it may be concluded that a 1,200-pound load is likely to yield the 
most consistent results when using the Model 400 Road Rater. An in-depth study 
has not been conducted to confirm and explain this result; however, it would appear 
the 600-pound load may not produce deflections that are sufficient to be within the 
appropriate operating range of the sensors. The 1,800-pound load may be sufficient 
to produce extraneous machine vibrations that the sensors are reading. Because the 
1,200-pound loads tend to yield more consistent results, most of the analysis of the 
subgrade will use the values from this load. 
Tables 3 and 4, along with Figures 19 through 29 show a high variability of 
subgrade modulus within a 500-foot section. The coefficient of variation ranged as 
high as 65 percent for the 1,200-pound load (Interstate 71 -- 1991 data). Assuming 
a designer were attempting to design an overlay for a particular pavement, this 
variability in backcalculated modulus would present a problem as to what value of 
modulus to use for design. This problem may be approached statistically, and at the 
same time, a degree of reliability may be determined. 
The 1,200-pound data in Tables 3 and 4 were normalized by site to the 
maximum backcalculated modulus for that site. For example, the 1,200-pound 
normalized data for US 119 in Pike County (1991 data ) would appear as follows: 
SECTION BACKCALCULATED NORMALIZED 
(FEET) MODULUS (PSI x 1000) DATA 
0 44 0.76 
25 33 0.57 
50 51 0.88 
75 40 0.69 
100 51 0.88 
125 45 0.78 
150 39 0.67 
175 52 0.90 
200 41 0.71 
225 45 0.78 
250 51 0.88 
275 42 0.72 
300 58 1. 00 
325 42 0.72 
350 37 0.64 
375 51 0.88 
400 41 0.71 
The normalized data from all sites and for both years (1990 and 1991) were combined 
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however, in 1989 rainfall was well above normal as the negative values began to 
decrease dramatically. It should be noted that subgrade moduli values generally 
~ ___ __ ~~!:(l~e4 i!!_ !Q!)~Q l!fte!_!hil !ll1hil!:Jl!()}Q!lJi()Ql:J(l!i()_c!_()L£l~te{)~f3 __ !!!infl!}l ir!l989. _ _In --~- ~~~~---
1990, rainfall decreased from the amount received in 1989 and remained near normal 
(as illustrated by the relatively flat portion of the curve in Figure 36). Subgrade 
moduli values increased in 1991 after a 12-month period of normal to slightly 
decreased rainfall amounts. 
It would appear from the analysis that subgrade moduli values may be affected 
in a very general fashion by the amount of rainfall in the preceding nine-to-twelve-
month period. It should be emphasized that this conclusion is based on only three 
years of data, and several years more of data will be necessary to confirm or deny 
this conclusion. 
Figure 37 is a comparison of the backcalculated subgrade modulus between the 
FWD and the Road Rater. Generally, the FWD estimates a higher subgrade modulus 
than does the Road Rater. 
Figure 38 shows the relationship between the average subgrade moduli values 
(calculated from the Road Rater) for 1990 versus 1989 (base year). Figure 39 shows 
the same relationship between 1991 and 1989. The "R2" values are reasonably good 
in each case, and the regression equation is shown on each figure. Plotting the 
regression coefficients from both equations in Figures 38 and 39 as a function of time, 
a generalized model may be developed to predict subgrade modulus for any future 
year (assuming the modulus is known for the base year of 1989). The equation for 
the generalized model is as follows: 
where 
Mrutum = [-2784(x)] + [0.382 + 0.324(x)][M89] 
Mruture =Modulus for the future year, 
M89 = Modulus for the base of 1989, 
x =difference in years between 1989 and future year. 
(9) 
Again, it should be emphasized that this model will undoubtedly be refined as more 
data become available. A similar model will be developed for the FWD as more data 
become available and are analyzed. " 
A second objective of this study was to compare backcalculated field moduli 
values with modulus values determined from laboratory tests. Resilient modulus 
tests were performed on subgrade samples collected from the sites that had soil 
subgrades. The testing standard used was AASHTO T-274. Table ?lists the results 
of these tests, and Figure 40 is a graphical display of the same data. There is a 
reasonably good correlation between the backcalculated field modulus from the Road 
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Rater and the laboratory modulus (R2 = 0.66). Using the relationship developed from 
the regression analysis on these data, the field modulus may be estimated from the 
where 
MField = (7.5 + 0.75MLab) * (1000) 
MFietd = Field Modulus, and 
MLab = Laboratory Modulus. 
(10) 
Figures 41 and 42 show the relationship between laboratory moisture content 
of the subgrade samples and resilient modulus, and the relationship between density 
of the samples and resilient modulus, respectively. There appears to be no 
correlation between these variables. This indicates that the type of soil is very 
important in determining strength as long as density and moisture content are near 
optimum conditions. 
Figures 43 and 44 show the relationship between CBR values obtained from 
field tests and laboratory resilient modulus and backcalculated field modulus from 
Road-Rater data, respectively. Surprisingly, there appears to be an inverse 
relationship which (at present) cannot be fully explained. Although there are no data 
to confirm this, when performing the in-place CBR tests it has often been visually 
noted that the top two or three inches of the subgrade appear to be saturated. After 
removing these few top inches of the subgrade, the material below will be firmer and 
dryer. 
When subgrade samples were tested in the laboratory, the top two or three 
inches of material that were extruded from the Shelby tubes were discarded, and only 
the firmer material was tested. The in-place CBR tests are often performed 
immediately at the interface between the dense-graded aggregate and the subgrade, 
thus testing at the location of the saturated material. Although permeability tests 
were not performed on the subgrade samples, the samples with higher resilient 
modulus values may have had lower permeabilities. If this were the case, then the 
higher strength materials probably would have been wetter near the top of the 
subgrade because of the inability of the water to penetrate deeper into the subgrade. 
This would have caused the CBR values to be lower for the high-strength materials. 
It is anticipated that this supposition will be tested in later research. 
Asphaltic Concrete Analysis 
Table Slists the backcalculated asphaltic concrete (AC) modulus for the flexible 
pavement sections for 1990. Figures 45 through 48 show the variation in moduli for 
each site as a function of distance from the start of each site for 1990. This same 
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information for 1991 is listed in Table 9 and in Figures 49 through 52. (It should be 
noted that only an average AC modulus was available for each site for the year of 
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500-foot length of each site. Coefficients of variation ranged from a low of 29 percent 
to a high of 76 percent. 
A number of factors may affect the variation of AC modulus within a short 
section. Cracking, water in the pavement, and decoupling of the AC slab from the 
dense-graded aggregate base are some of the more important factors. If the AC layer 
had decoupled from the dense-graded aggregate base, this will appear to make the 
AC layer "flop" causing a larger variation in the backcalculated modulus. It is 
suspected that thicker AC layers would be less susceptible to "flopping" than thinner 
AC layers. The data illustrated in Figure 53 would appear to help confirm this 
supposition. Except for one outlier, the thinner AC sections generally had higher 
coefficients of variations than did the thicker sections. 
The data in Tables 8 and 9 may be used by the designer to determine a level 
of reliability for design in the same manner to that previously described for the 
subgrade modulus. AC modulus values in Tables 8 and 9 were normalized to the 
maximum backcalculated AC modulus for a particular site. These normalized values 
were then combined into a single data file and sorted in descending order. As in the 
case of the sub grade modulus, the percentage of data points in each 10-percent data 
range was determined. An accumulative distribution was calculated from 0 percent 
to 100 percent by 10-percent increments. Subtracting the accumulative distribution 
values from 100 yields the percent design reliability for AC modulus. This design 
reliability is shown in Figure 54. A close examination of Figures 33 and 54 shows 
that the reliability for AC modulus is not as great as that for subgrade modulus. For 
example, a designer wishing to use an SO-percent reliability for AC modulus could use 
an AC modulus value of only 23 percent of the maximum backcalculated AC modulus 
for a particular site (for subgrade modulus, 51 percent of the maximum 
backcalculated subgrade modulus could be used for a design reliability of 80 percent). 
Reliability of design may be considered as the probability of a successful 
design. In other words, a design reliability of 80 percent is the same as saying the 
probability of a successful design is 80 percent. The combined probability of a 
successful design or combined design reliability of a particular design project is the 
product of design reliability of the subgrade modulus and the reliability of the AC 
modulus. The combined reliability is illustrated in Figure 55. For example, to 
achieve an overall design reliability of approximately 80 percent for a project, the 
designer must use a design reliability of 90 percent for subgrade modulus and a 
design reliability of 90 percent for AC modulus (or any combination of design 
reliabilities on the 80 percent line in Figure 55). 
To determine the change in backcalculated AC modulus from 1990 to 1991, the 
average modulus for 1991 was plotted as a function of the backcalculated AC modulus 
from the Road Rater for 1990. This is shown in Figure 56. Performing a regression 
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analysis on that information yields a regression equation by which the change in AC 
modulus per year may be estimated: 
where 
ACMQDFuture = [193.9 + (0.807 * ACMQDPmsent)] * t * 1000 (11) 
ACMODFutum =Modulus of AC in some future year, 
ACMODPmsent =Modulus of AC in present year, and 
t =Time in years between present and future year. 
Resilient modulus tests were performed on cores of the AC obtained from each 
of the sites. Testing procedures used were according to ASTM D-4123 with the 
exception that the testing temperature was 75° F (three temperatures are 
recommended-- 41° F, 77° F, and 104° F). Tables 10 and 11list the backcalculated 
field moduli corrected for temperature and frequency (method used to correct data 
previously reported in References 13 through 17) for the years of 1990 and 1991 and 
the laboratory resilient modulus. Figures 57 and 58 show the same information. 
Clearly the laboratory moduli are greater in almost every case. The laboratory test 
is performed on an intact sample while the field test measures the response of a 
much larger area, which may include cracks, decoupled layers, and other factors 
which could reduce the modulus. 
Other researchers also have attempted to correlate backcalculated field 
modulus with resilient modulus obtained in the laboratory; Figure 59 is an example 
of an attempt by Lee, Mahoney, and Jackson (18). Their data show considerable 
variability about the line of equality --- indicating the difficulty correlating the field 
and laboratory moduli. Although there is considerable scatter in the data in this 
study, it is possible to estimate a relationship between the laboratory resilient 
modulus and the backcalculated field modulus. In Figure 60, the ratio of 
backcalculated field modulus from the Road Rater (uncorrected for frequency) to 
laboratory modulus (Column 2 divided by Column 6 in Tables 10 and 11) has been 
plotted as a function of pavement surface temperature. A regression analysis was 
performed on the data in that figure. The R2 value was 0.66. The resulting best-fit 
equation is as follows: 
where 
LOG(MODR) = 1.476- 0.0279(T) + 0.0000754(T? 
MODR = Ratio of field modulus to laboratory modulus, and 
T = Pavement surface temperature, °F. 
(12) 
If the pavement surface temperature at which the field test was performed is known, 
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and if either the laboratory resilient modulus or the backcalculated field modulus is 
known, the other modulus value may be estimated using Figure 60. 
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designer is attempting to design an overlay but does not have deflection data from 
which to backcalculate an in-situ AC modulus, pavement cores may be obtained and 
resilient modulus tests at 75" can be performed in the laboratory on those cores. The 
designer may then enter the chart in Figure 60 at 70" F (the standard reference 
temperature to which backcalculated moduli are converted) and determine the ratio 
between the field modulus and the laboratory resilient modulus. The laboratory 
resilient modulus is then multiplied by that ratio to yield an estimated backcalculated 
field modulus that could be used in design. 
A second method of implementing the information in Figure 60 is to use the 
relationship developed from that data to provide a quick means of converting from 
backcalculated field modulus at test temperature to an estimated backcalculated 
- modulus at the reference temperature of 70" F. This may be accomplished by use of 
the following equation: 
where 
(13) 
FM70 = Backcalculated modulus at reference temperature of 70" F, 
FMTEST = Backcalculated modulus at pavement test temperature, 
(MOD~TEST = Modulus ratio calculated from the above equation at the 
pavement test temperature, 
(MODR)70 = Modulus ratio calculated from the above equation at the 
reference temperature of 70" F. 
Figure 61 is a plot of the ratio ofbackcalculated field modulus from the FWD 
to the magnitude of the laboratory resilient modulus as a function of pavement 
surface temperature. A regression analysis was also performed on these data with 
a resulting R2 of 0.51. The best-fit regression equation is given in Equation 13. 
LOG(MODR) = 1.378 - 0.03072(T) + 0.000122(T)2 , (14) 
where MODR and T are the same as defined in Equation 12. The results of Figure 
61 may be implemented in the same manner as the results from Figure 60 
(depending upon whether the Road Rater or the FWD is being used). It should be 
cautioned that neither Equation 12 nor Equation 14 should be used at temperatures 
below 40" F or above 140" F. 
Figure 62 is a comparison of backcalculated AC modulus between the Road 
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Rater and the FWD for the years of 1990 and 1991. Both sets of data were corrected 
for temperature using Equations 12 through 14. It is clear that in most instances the 
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major reasons for this is that the Road Rater data were not corrected for frequency, 
and the nonlinear behavior of the pavement structures between the 1,200-pound load 
of the Road Rater and the 9,000-pound load of the FWD. 
Pavement Performance Analysis 
Results of the field distress surveys are plotted on the field distress sheets in 
Appendix B. Rutting, longitudinal cracking, transverse cracking, map cracking, 
alligator cracking, raveling, and any other distresses are noted on those sheets. 
Three years of distress data have been obtained. Raveling, map cracking, and 
alligator cracking were not prevalent at any site through 1991; therefore, no model 
could be developed for these distresses. Distress models were developed for rutting, 
longitudinal cracking and transverse cracking, and each is discussed separately 
below. 
Rideability data were also obtained from the Pavement Management Branch 
of the Kentucky Transportation Cabinet and that information will be analyzed below. 
There are four rigid pavement sections included in this study. It is clear from 
studying the distress sheets in Appendix B, for those sites, that little additional 
distress has occurred in those sections since the first survey was conducted (1989). 
Consequently, no distress analysis can be made on those sections until more long-
term data are collected and more distress occurs. 
Rutting 
A flexible pavement rutting model was developed and published by Allen and 
Deen (19) in 1985. The model was based upon repeated-load testing of laboratory 
compacted samples. In that study, a permanent deformation equation was developed 
for asphaltic concrete, dense-graded aggregate, and soil sub grades. The general form 
of the equation for each component of the pavement section was as follows: 
where 
(15) 
eP = Permanent deformation 
N = Number of wheel passes or ESAL's 
C0,C1,C2,C3 = Constants whose value depends on stress 
levels, temperature, confining stress, moisture. 
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This model was never compared to actual field performance except in one or 
two cases. In this study, that model has been used to predict rutting for those sites 
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agreement between predicted and measured as shown in Figure 63. Figure 64 shows 
the difference (error) between predicted rutting and measured rutting as a function 
of accumulated ESAL's. The model appears to predict equally well at all levels of 
accumulated ESAL's. The absolute value of 14 of 18 data points in Figure 64 are less 
than 0.1 inch, indicating a good prediction. The average error in prediction for all18 
points was 0.074 inch (slightly greater than 1/16-inch). 
Longitudinal Cracking 
Longitudinal crack lengths were totalled for each site from the distress sheets 
in Appendix B (flexible pavements only). These totals were plotted as a function of 
accumulated ESAL's in Figure 65 and as a function of accumulated AADTs in Figure 
66. There was a very poor correlation with both parameters. The R2 value for 
accumulated ESAL's is only 0.28. The relationship was so poor for accumulated 
AADTs that no regression analysis was performed. The same longitudinal crack 
totals were plotted as a function of age in Figure 67. A reasonably good correlation 
resulted with an R2 value of 0. 71. From this, it must be concluded that age is a 
better predictor of longitudinal cracking than ESAL's. 
It is possible to estimate the amount of linear feet of cracking per mile in a 
flexible pavement by means of the relationship developed in Figure 67. That 
relationship is as follows: 
Log(CLong) = [1.656 * Log(Age) - 0.0156] * [10.56] (16) 
where 
CLong = Length of longitudinal cracking per mile. 
The previous relationship was developed for a 500-foot section. The constant 10.56 
in Equation 16 converts the relationship to a 1-mile section. 
Transverse Cracking 
Transverse crack lengths were also totalled for each site by year and plotted 
as a function of accumulated ESAL's and accumulated AADTs (Figures 68 and 69). 
Clearly there is no correlation of accumulated ESAL's and accumulated AADT's with 
transverse crack length. Crack lengths were plotted as a function of age as shown 
in Figure 70. Although the correlation between transverse crack length and age is 
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not as good as between longitudinal crack length and age, there is a definite 
correlation (R2 = 0.53). Transverse cracking per mile may be estimated from the 
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Log(Grmns) = [-0.285 + 0.182(Age)] * [10.56] (17) 
where 
CT>-ans = Length of transverse crack per mile. 
Rideability 
Rideability Index values for all sites for years 1989 through 1992 are listed in 
Table 12. Figure 71 shows the change in Rideability Index as a function of age for 
flexible pavements (RI data from years 1989 through 1992). Clearly, the change in 
rideability cannot be estimated from age. These same rideability data were plotted 
as a function of accumulated AADT's in Figures 72 through 7 4. The dashed straight 
lines drawn through the data for each site in each of those figures were determined 
visually (not a regression line) to represent the RI behavior with accumulated AADT's 
for that site. The magnitude of the slopes tended to fall into three general categories. 
Those categories are (1) coal-haul roads carrying more than 50,000 tons of coal per 
year, (2) coal-haul roads carrying less than 50,000 tons of coal per year, and (3) non 
coal-haul roads. Each category is represented by the previously mentioned Figures 
72 through 74. The calculated slopes of the straight lines for each site are as follows: 
COAL-HAUL (>50,000 TONS/YEAR) 
US 23, Lawrence County 
US 119, Pike County 
Daniel Boone Pkwy., Clay County 
Mountain Pkwy., Powell County 
KY 80, Floyd County 
KY 11, Owsley County 
Average = 
COAL-HAUL (<50,000 TONS/YEAR) 
Interstate 24, Marshall County 
Interstate 64, Carter County 
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Cumberland Pkwy., Barren County -0.018 
KY 61, Hardin County -0.035 
KY 4, Fayette County -0.008 
Average = -0.019 
The average slopes from the above list represent the change in RI per year for each 
of the three general categories. The RI for some future year can be estimated for any 
site in one of the three categories by the following equations (assuming a present RI 
value is known): 
Coal-Haul (>50,000 tons/year) 
RIFUTURE = RIPRESENT- 0.137 * (X), (19) 
Coal-Haul (<50,000 tons/year) 
RIFUTURE = RIPRESENT - 0.040 * (X), (20) 
Non Coal-Haul 
RIFUTURE = RIPRESENT - 0.019 * (X), (21) 
where 
RIFUTURE = The desired RI of some future year, 
RIPRESENT =The present RI, and 
X = Additional accumulated AADT's (in millions) from the present year 
to the desired year. 
RI has also been plotted as a function of accumulated ESAL's in Figures 75 and 
76 for those sites for which the data were available. Trend lines were visually drawn 
through the data in those figures, as indicated by the dotted straight lines (regression 
analysis was not performed). A trend line was not drawn through the data for 
Cumberland Parkway because the trend of the data was generally increasing. Slopes 
were determined for the trend lines, and are listed as follows: 
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Western Kentucky Parkway -0.320 
Interstate 24 -0.131 
~ ~--~---~ __ _____________________________ Cum her llilldl' ar kwl!Y_ ________________ _ _________ ::_:::::_:::_____________ ----------------------------------------------~--------
KY 4 -0.152 
Interstate 64 -0.143 
KY 11, Owsley County -0.314 
us 119 -0.082 
Average -0.190 
There appears to be a significant relationship between slope of the RI versus 
accumulated ESAL's curve as calculated above and the _ magnitude of the 
backcalculated subgrade modulus (subgrade data from KY 4 was not available). This 
relationship is illustrated in Figure 77. A regression analysis was performed on the 
data in Figure 77. The resulting best-fit equation is as follows: 
ARI = -0.8674 + 0.0449(M8 u8 ) - 0.00064(M8us)
2 (22) 
where 
ARI = Change in RI per 1,000,000 EASL's, and 
Msus = Backcalculated subgrade modulus (in thousands). 
However, if the backcalculated subgrade modulus is not available, the RI for some 
future accumulated ESAL's may be estimated by using the above calculated average 
slope as follows: 
where 
RIFUruRE = RIPRESENT- 0.190 * (X) (23) 
X = Difference between present and future accumulated ESAL's 
(in millions). 
Depending upon the information available, the designer or pavement manager may 
estimate a future RI value from Equations 9 through 11 (if only AADT's are 
available) or Equation 13 (if ESAL's are available). Equation 12 should be used to 
calculate future RI when subgrade modulus and ESAL's are available. 
Figure 78 shows plots of RI as a function of accumulated AADT's for the four 
rigid sections. Trend lines were visually determined for each of the sites (dotted lines 
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in Figure 78). Slopes of the lines were calculated to determine the change in RI per 
1,000,000 AADT's. The calculated slopes are as follows: 
Audubon Parkway, Daviess County 
US 31W, Hardin County 
Interstate 65, Bullitt County 





There appears to be no discernible correlation of these slopes with age or 
pavement thickness. Reliable accumulated ESAL's were not available for two of the 
sites; therefore, no attempts were made to correlate change in RI with ESAL's. 
Complete subgrade information also was not available, preventing a correlation with 
subgrade strength. Although a general model must wait until further information 




ARirumn = The change in RI for some future accumulation of AADT's, 
RIPRESENT = Present RI, 
Srumn = Slope for each individual site as ,calculated above, and 
X = Additional accumulation of AADT's from present to future date 
(in millions). 
THE USE OF OTHER THEORIES FOR BACKCALCULATION 
The remaining objective of this study was to review the appropriateness of 
using theories other than layer elastic theory (such as finite elements, or nonlinear 
finite elements) to model pavement structures. Less effort has been expended in 
fulfilling this objective than in the other objectives. However, as noted in the section 
of this report entitled "Background," other researchers have used finite elements to 
model pavements, and the authors of Reference 1 have proposed a method for 
correcting for the nonlinear response of pavement materials. However, it appears 
that these methods may not be used routinely by most day-to-day practitioners. 
During the course of this study, it was noted that some field deflection bowls 
did not match any theoretical deflection bowl very well. An example of a field 
deflection bowl that matches theory quite well is shown in Figure 79 (FWD data). 
Figure 80 displays a best-fit deflection bowl from KY 11 (Owsley County) that does 
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not match very well the theoretical deflection bowl calculated from layer elastic 
theory. It appears this is often the case when the field deflection bowls are very 
~~---------~--~---~-~--------steeJL (N Qte_j;he ~ differenclt in thtLilli!.gllitude _ oLthe_ defle_cth:ms__gf_fue_ND,_Lsensm:s.L----~---~----~-------­
This indicates the possible inability of layer elastic theory to accurately model some 
situations. 
An even more striking example is given in Figures 81 through 84. The data 
in those figures were obtained from FWD tests on a city street (not a part of this 
study). The street section was 2.0 inches of asphaltic concrete base, 8.0 inches of 
dense-graded aggregate, and a soil subgrade with an average in-situ CBR of slightly 
less than 3.0. The asphaltic concrete was badly deteriorated, and 100 percent of the 
surface had alligator cracking. The small squares in Figures 81 through 83 represent 
the experimental deflections, and the three lines represent predicted values from a 
linear finite element analysis using three values of modulus for the asphaltic 
concrete. In every case, an AC modulus of 50,000 pounds per square inch more 
closely approximately the experimental data. The AC was assumed in Figure 81 to 
behave as a solid, unbroken mass; the modulus of the dense-graded aggregate was 
assumed to be 75,000 pounds per square inch; the subgrade modulus was assumed 
to be 4,200 pounds per square inch. For these conditions, the linear finite element 
model did not predict well (particularly for the No. 1 and No. 2 sensors). 
Figure 82 also shows the results of a linear finite element analysis. The 
assumed dense-graded aggregate and subgrade strengths were unchanged. However, 
in this analysis, the AC was assumed to be cracked. This was modeled by permitting 
the nodal points in the upper portion of the finite element grid to "uncouple" as 
shown in the example in Figure 84. It is clear that the more sophisticated modeling 
technique produced a more accurate prediction. The sum of squares of residuals for 
the cracked model was 12.8, and for the solid model it was 28.6 (using only the line 
representing an AC modulus of 50,000 pounds per square inch). 
In Figure 83, the AC is assumed to be cracked, the subgrade modulus is held 
constant at 4,200 pounds per square inch, but the dense-graded aggregate modulus 
is reduced to 25,000 pounds per square inch. The prediction is very good. 
It must be concluded that more sophisticated modeling would, in many 
situations, provide better predictive capabilities. More research should be performed 
in this area. 
CONCLUSIONS 
Correlations between load levels of the FWD are less variable than are 
correlations between load levels of the Road Rater. This indicates that FWD data 
have less experimental error than do Road Rater Data. 
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Sensor No. 1 of the FWD yields a disproportionately larger deflection reading 
than does Sensor No.1 of the Road Rater (when the different load magnitudes are 
________________ __ ~~!'l]gg_:t;Q!h~ ~l!li1!:l_lill!E:!!it!!c:l10!2, Th!~ t~I>_!!!:!!!!Jlyc:l!l_ll_!() __ tl:J,(JJ(JC::!J,:I;~l!_()Ltllll __ f>ll!ll'()!~L---~------­
and partially due to the nonlinear behavior of the pavement structure. 
The correlation between the No. 4 sensors on the two testing devices is very 
poor. This is primarily due to the large variation (scatter) in the data from the No. 
4 sensor of the Road Rater. 
Until further research is conducted, it appears that correlations between the 
two devices should be performed on a sensor-by-sensor basis and not by combining 
the data from the first four sensors into one data set and performing correlations on 
the entire data set. 
There is a high variability in subgrade modulus within each test site with 
coefficients of variability as high as 75 percent. 
The 1,200-pound load generally yielded the most consistent results when using 
the Road Rater (lowest coefficients of variability). It is recommended that the 1,200-
pound load be used for pavement analysis when using the Road Rater. 
It appears subgrade modulus may be somewhat related to rainfall pattern, 
with a nine- to 12-month lag. This apparent relationship developed from the data 
obtained from both testing devices, and therefore, does not appear to be machine 
related. 
In general, subgrade modulus values backcalculated from the FWD are greater 
than the values calculated from Road Rater data. 
There is little or no correlation between laboratory measured subgrade 
moisture content and resilient modulus. 
There is no correlation between density of laboratory samples and resilient 
modulus. 
There was a very large variability in backcalculated AC modulus within each 
500-foot section. It appears the variability was greater for thicker pavements. This 
may indicate the Road Rater is not capable of inputting sufficient energy into the 
pavement to deflections that are within the range of precision of the deflection 
sensors. 
The data developed in this study may assist the designer in assessing the 
reliability of design (Figures 33, 54, and 55). 
There is a large variability between the backcalculated AC modulus and the 
laboratory resilient modulus. This was expected, in view of the variability of the 
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backcalculated field AC modulus. 
Equations 12, 13, and 14 (developed from Figures 60 and 61)provide a simple 
~------- ~ -m:eth.odof coD.vertin.g:ri-<>m:li-a:Cii."calcU:IateC:r.A:cm:ocru:Iu:s-afp-a:vem:elittesftem:peratlire--~------~--· 
to the standard reference temperature of 70° F. 
The rutting model developed under another study and referenced in this study 
predicted reasonably well rutting on all of the test sites. As more long-term data 
become available, this model will be refined. The average error of prediction was 
slightly over 1/16 inch. The model appears to predict equally well at all levels of 
ESAL's. 
Age is a better predictor of longitudinal cracking and transverse cracking than 
are ESAL's or AADT's. 
The change in Rideability Index with time may be estimated from the data 
obtained in this study. The use of these models may be limited because of the small 
sample size from which they were developed. 
The models developed in this study may be used to estimated the various 
modes of distress and to estimate the change in parameters with time; however, it 
is critical that more long term data be obtained, to refine these models and to make 
estimations that are more accurate. 
It is apparent more sophisticated modeling techniques would enhance 
predictive capabilities. It is recommended that further work be performed in this 
area to develop these models. 
RECOMMENDED IMPLEMENTATION 
It is recommended that the data base that has been developed to date on these 
test sites be used as a basis for continuing to monitor and record behavior. It is 
recommended that these sites continue to be monitored annually (as is currently 
being done). From this long-term data, it will be possible to continue to develop and 
refine the models developed in this study. The refined models will more accurately 
predict the service life of all pavements in the future. 
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Table 1. List of Lo1!ji-Term Pavement Performance Study Sites. 
---------------------------- ---------------------------------------------------------------------------------------------·------------------------- -------------------------------
STATE NAT"L DIST. 
IDNO. IDNO. IDNO. COUNTY ROUTE MILEPOINT DIRECTION 
******* ******* ****** ********* ******* *********** *********** 
1 1 LYON WKPY 2.9 WB 
2 1 MARSHALL I-24 22.06 EB 
3 2 DAVIESS AUDPKY 20.0 EB 
4 2 WEBSTER PENNPKY 58.00 NB 
5 211034 3 BARREN CUMPKY 9.17 EB 
6 4 HARDIN US 31W 32.7 NB 
7 4 HARDIN KY61 3.4 SB 
8 213016 5 BULLITT I-65 106.6 NB 
9 5 HENRY I-71 25.0 NB 
11 214025 7 FAYETTE 1-64 73.8 EB 
12 216040 7 FAYETTE KY4 3.5 EB 
13 9 CARTER I-64 170.4 WB 
14 9 LEWIS KY 576 2.93 WB 
15 10 LEE KY 11 11.14 NB 
16 10 POWELL MNTPKY 30.8 WB 
17 211010 10 OWSLEY KY 11 13.3 SB 
18 216043 11 CLAY DBPKY 15.8 WB 
19 12 FLOYD KY 80 6.1 EB 
20 211014 12 PIKE us 119 2.4 SB 
21 12 LAWRENCE us 23 17.46 NB 
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Figure 6. Conversion of Dynamic Sine Wave to Equivalent Square Wave 
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LOAD COMPARISON, SENSOR 1 
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ROAD RATER MODEL 4008 
LOAD COMPARISON, SENSOR 2 
8 .-----------------------------------------~ 
0 0.6~kip VS 1 .2~kip, S = 2.239, R2 0.720 
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ROAD RATER MODEL 4008 
LOAD COMPARISON, SENSOR 3 
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Figure 10. Correlation of Load Levels at Sensor No. 3 for Road Rater. 
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ROAD RATER MODEL 4008 
LOAD COMPARISON, SENSOR 4 
0.6-kip VS 1 .2-kip, S = 2.337, R2 0.837 
0.6-kip VS 1 .8-kip, S = 4.145, R2 = 0.620 
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Figure 13. Correlation of Load Levels at 36 Inches for FWD. 
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Figure 18. Correlation at Sensor No.4 Between Road Rater and FWD. 
TABLE 3. VARIATION OF SUBGRADE MODULUS FOR 1990 
VARIATION OF SUBGRADE MODULUS (1990 FIELD DATA, 600-LBS LOAD) 
SECTION KYllLEE US-119 KY-80 KY-61 I-64 CAR I-24 DAN.BOONE CUMBERLAND AA HW KY-11 OW US-23 WKP MOUNT.PKY PENNY. 
• 000 34,000 41,000 60,000 27' 000 33,000 38,000 61,000 31,000 26,000 22,000 27,000 30,000 30,000 71 QQQ 
25.000 36, DOD 50,000 32,000 46,000 so,ooo 31,000 26,000 22,000 39,000 7, 000 
50.000 42,000 39,000 31,000 30,000 62,000 34,000 29,000 19,000 1,000 15,000 
75.000 44,000 48,000 31,000 27,000 66,000 32, coo 29,000 16,000 42,000 16,000 
100.000 32,000 461 QQQ 36,250 29' 000 35,750 32,000 33,000 29,000 31,000 17,250 29,000 11,000 48,000 5, 000 
125.000 59 ,coo 53,000 31,000 37 ,coo 72,000 30,000 30,000 15,000 59 ,coo a, ooo 
150.000 34,000 41,000 24' 000 39' 000 66,000 37 ,ooo 29,500 18,000 100,000 1, 000 
175.000 47,000 47,000 23,000 39' 000 69,000 26,000 28,000 13,000 51,000 a, ooo 
200.000 42,000 91000 311000 24,000 341000 24,000 73,000 51,000 23' 000 15,000 42,000 171000 75,000 9, 000 
225.000 31,000 471000 251000 30,000 62,000 56,000 311000 171000 47 ,ooo 15,000 
250.000 36,000 511000 27,000 24,000 67,000 48,000 27,000 221000 45,000 9. 000 
275.000 31,000 45,000 23,000 33,000 56 ,ooo 43,000 28,000 20,000 33,000 17,000 
300.000 40,000 46,000 16,000 22,000 371000 38,000 65,000 55,000 28,000 17,000 51,000 20,000 23,000 9 ,ooo 
325.000 35,000 371000 28,000 38,000 68,000 53, ooo 291000 25,000 391000 10,000 
350.000 40,000 39,000 24,000 35,000 99,000 46,000 29,000 42,500 19,000 49,000 13,000 
375.000 40,000 53,000 27,000 30,000 97,000 84,000 20,000 19,000 38,000 9 f 000 
400,000 40,000 561000 431250 34,000 32,750 23,000 74,000 571000 26' 000 14 f 250 30,000 121000 52,000 14,000 
==============================~====----=--~==================================================-=mm~=====================~~~=~~-m=-= 
MEAN 39,000 441000 37,300 27,176 34,500 33,118 67,176 431706 27,618 17,100 36,917 181529 45,353 10,118 
"D 6. 739 10,221 141458 3,552 1,636 6,239 14,746 14,470 2 '741 2' 705 a, 796 4,578 20,511 4,171 
VARIANCE 4.541e7 1. 045e8 2.090e8 1.262e7 2.675e6 3. a93e7 2.1744e8 2.093841e8 7 .516e6 7, 315e6 7. 737e7 2.096e7 4.20699e8 1. 739ae7 
ov ,., 17 23 " " 5 " 22 " " " 24 25 " 41 
VARIATION OF SUBGRADE MODULUS (1990 FIELD DATA, 1200-LBS LOAD) 
============~=~=====-~---~=========================~====-==-=-======================================m=========================----
SECTION KY11LEE US-119 KY-80 KY-61 I-64 OAR I-24 DAN.BOONE CUMBERLAND AA HW KY-11 ow US-23 WKP MOUNT.PKY PENNY. 
====-----------------========================-=-==--===-=======================================~-===================~----~======== 
• 000 28,000 31,000 30,000 29,000 17,000 28,000 40,000 29,000 26,000 19' 000 24' 000 26,000 28,000 8, 000 
25.000 25,000 32,000 25,000 2a,ooo 36' 000 24' ooo 25,000 181000 8,000 a, ooo 
50.000 29,000 31,000 22,000 24,000 43,000 26' ooo 28,000 17 ,ooo 42,000 7' 000 
75.000 33,000 33,000 25,000 25,000 45,000 25. ooo 27,000 14 ,ooo 34,000 7, 000 
100.000 30,000 3a,ooo 19,500 23' 000 23,250 26,000 26,000 24,000 29' 000 14.500 26,000 11,000 32,000 6' 000 
125.000 32,000 35,000 24' 000 27,000 39,000 26,000 26' 000 15 ,ooo 34,000 7' 000 
150.000 21,000 29' 000 231000 29,000 43,000 26. ooo 24' 000 17 ,ooo 52,000 14,000 
175.000 34' 000 32,000 18,000 22,000 40,000 29' ooo 23' 000 12,000 38,000 71000 
200.000 24,000 40,000 18,000 21,000 28,000 241000 43,000 3a,ooo 18,000 15,000 26' 000 16,000 44,000 8, 000 
225.000 221000 32,000 20,000 27 ,ooo 32,000 36,000 25,000 15,000 34,000 12,000 
250.000 29,000 271000 24,000 25,000 43,000 38,000 25,000 1a,ooo 19' 000 al 000 
275.000 23,000 31,000 20,000 29,000 361000 30,000 23,000 17' 000 22,000 14,000 
300.000 29' 000 30,000 14,000 20,000 27,000 36' 000 42,000 421000 21,000 15,000 31,000 18,000 17,000 8, 000 
325.000 26,000 271000 22,000 32,000 42,000 35,000 24,000 17,000 32,000 a,ooo 
350.000 31,000 26,000 201000 28,000 441000 36, ooo 21,000 29,250 17,000 34,000 11,000 
375.000 25,000 33,000 22,000 26' 000 41,000 45,000 1a,ooo 17,000 16' 000 8,000 
400.000 30,000 35,000 1a,750 20,000 26,000 22,000 43,000 42, ooo 1a,ooo 14,250 21,000 11,000 37' 000 7,000 
=~-=--~---=--="'"'"'"'"'============..,===~~~=,================= .. ========="'"'"'="'"'"'"""'======"'''"""=======-=="'"'"'===========================--=== 
MEAN 27' 706 31,882 20,050 22,235 24,250 26,941 39,882 32,412 23,saa 15,550 26120a 16,235 301765 a, 706 
"D 3 '785 3,612 5,325 2,579 3,956 3, 3a6 4. 776 6, aoo 3,309 1, 749 3,274 3,335 10,947 2,395 
VARIANCE 1.433e7 1. 304e7 2.836e7 6.651e6 1. 565e7 1.147e7 2. 2810e7 4.624221e7 1. 095e7 3 .06e6 1.072e7 1.112e7 1.19827ea 5. 7370e6 
ov ,., 13.7 11.3 26.6 11.6 16.3 12.6 12 .o 21.0 14.0 11.2 12.5 20.5 35.6 27.5 
VARIATION OF SUBGRADE MODULUS ( 1990 FIELD DATA, 1800-LBS LOAD) 
==------=================="'==~-====================================,.,===--=============="'"'====~==============.,==================== 
SECTION li:Y11LE US-119 KY-80 KY-61 I-64 OAR I-24 DAN.BOONE COMBERI.AND AA HW KY-11 ow 05-23 WKP MOUNT.PKY PENNY. 
===================,..,=-"'="'=========:=="'======,===============~==="'"'"'"'"'=============m==="'="'=============,====="""'======,=======,_,=,.--
.000 27' 000 33,000 36,000 26' 000 29,000 32,000 47,000 3a,ooo 31,000 21,000 33' 000 2a,ooo 21,000 6' 000 
25.000 29,000 11,000 23,000 32' 000 34,000 29, ooo 29' 000 20,000 10,000 11,000 
50.000 33' 000 25,000 24,000 29' 000 44,000 32,000 29' 000 23' 000 3' 000 7' 000 
75.000 40,000 35,000 21,000 29' 000 47,000 28,000 32,000 16' 000 24,000 31000 
100.000 31,000 34,000 21,750 23' 000 24,400 31,000 3alooo 31,000 33,000 1a,5oo 30,000 12,000 3,000 
125.000 43,000 34' 000 30,000 31,000 43,000 32,000 27' 000 16,000 30,000 9,000 
150.000 22,000 20,000 20,000 32,000 43,000 341000 22,000 151000 74,000 17,000 
175.000 32' 000 33' 000 17,000 30,000 441000 33, ooo 26' 000 13,000 a, ooo 8,000 
200.000 34,000 31,000 19' 000 18,000 24,000 29,000 45,000 441 QOO 20,000 161000 37 f 000 18,000 57,000 14,000 
225.000 25,000 2a, 000 21,000 331000 36' 000 371000 29' 000 17,000 37,000 14,000 
250,000 35,000 20,000 21' 000 25,000 30,000 43' ooo 281000 21,000 14,000 10,000 
275.000 28,000 30,000 21,000 36,000 37,000 32' 000 31,000 20,000 5,000 15,000 
300.000 32' 000 34,000 1alooo 21,000 32,000 44,000 33' 000 41, ooo 27' 000 17' 000 35,000 21,000 18,000 9, 000 
325.000 31,000 14,000 20,000 39,000 56' 000 391000 31' 000 24,000 24,000 10,000 
350.000 371000 23,000 23,000 35,000 491000 41,000 25,000 36' 500 20,000 39,000 10,000 
375.000 29' 000 32 ,ooo 23,000 31' 000 371000 53' ooo 20' 000 20,000 1a,ooo 9,000 
400.000 36' 000 32,000 21,750 21,000 30,500 27,000 35,000 41,000 21,000 16' 000 23,000 13' 000 20,000 15,000 
=====================, .. =~-~~================ .... ~=~=,===========,========="'="'======="'"'"'"======"'="'====================~--,==,====="'""' 
MEAN 32,000 27,5a8 23,300 21,941 27,9ao 32,059 411059 36,941 27' 118 17,700 32,417 1a,647 25,125 10,000 
"D 5,145 7,260 61522 2' 900 3, 231 4 ,3a5 6' 593 6,301 4' 100 1, aa7 4, 817 4,144 18,456 3,926 
VARIANCE 2.647e7 5.271e7 4.254e7 8.40ae6 1. 0442e7 1.923e7 4.3467e7 3.970242e7 1.681e7 3.56e6 2.320e7 1. 717e7 3.40609ea 1.5412e7 























































0 50 100 150 200 250 300 350 400 
SECTION 
US-119, 1990 FIELD DATA 
700001,-------------~~~~~~~~~-----------­
-+- 600 LBS-LOAD: CV~23%; MEAN~44,000 PSI 
60000 ---- 1200 LBS-LOAD: CV~11%; MEAN~31,882 PSI 
-D- 1800 LBS LOAD: CV~26%; MEAN~27,588 P~ 
+ + + 
50000 /+~ /+---/ ~ /+ +~ ~ I 




O·J_~ __ L__L_J __ L__L~--~_L __ L_~~--L_~~~ 
0 50 100 150 200 250 300 350 400 
SECTION 
70000 
KY -80, 1990 FIELD DATA 
-+- 600 LBS-LOAD: CV~39%; MEAN~37,300 PSI 






0 50 100 150 200 250 300 350 400 
SECTION 
Figure 19. Variation of Subgrade Modulus- 1990 (KY 11, Lee County; US 
























































0 50 100 150 200 250 300 350 400 
SECTION 
50000 
1-64 CARTER, 1990 FIELD DATA 
-1- 600 LBS-LOAD: CV~5 %; MEAN~34,500 PSI 
-+- 1200 LBS-LOAD: CV~16%; MEAN~24,250 PSI 
40000 









1-24, 1990 FIELD DATA 
-1- 600 LBS-LOAD: CV~19%; MEAN~33,118 PSI 
-+- 1200 LBS-LOAD: CV~137.; MEAN~26,941 PSI 
-D- 1800 LBS LOAD: CV~14%, AN~32,059 PSI 
20000 
10000~----'--"-------'------L- ---'----'---~~--~_L____L __ _L_____L __ ~~ 
0 50 100 150 200 250 300 350 400 
SECTION 
Figure 20. Variation of Subgrade Modulus- 1990 (KY 61, Hardin County; 
































































100 150 200 250 300 350 
SECTION 
100 150 200 250 300 350 
SECTION 
AA HIGHWAY, 1990 FIELD DATA 
100 
-+- 600 LBS-LOAD: CV~10%; MEAN~27,618 PSI 
-<>- 1200 LBS-LOAD: CV~14%; MEAN~23,588 PSI 
-D- 1800 LBS LOAD: CV~15%; MEAN~27,118 PSI 
+ +---+---.__+ 
l:v;~ /·~ 'V ~ 





Figure 21. Variation ofSubgrade Modulus- 1990 (Daniel Boone Pkwy., 
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KY -11 OWSLEY, 1990 FIELD DATA 




--+-- 1200 LBS-LOAD: CV~11%; MEAN~15,550 PSI 
-D- 1800 LBS LOAD: CV~11%; MEAN~17,700 PSI 
150 200 250 300 350 400 
SECTION 
US-23, 1990 FIELD DATA 
-+- 600 LBS-LOAD: CV~24%; MEAN~36,917 PSI 
--+-- 1200 LBS-LOAD: CV~12%; MEAN~26,208 PSI 
-D- 1800 LBS LOAD: CV~15%+MEAN~32,417 PSI 
~~~ 
/~-u- ~ 
150 200 250 300 350 400 
SECTION 
WKP, 1990 FIELD DATA 
-+- 600 LBS-LOAD: CV~25%; MEAN~18,529 PSI 
--+-- 1200 LBS-LOAD: CV~21%; MEAN~16,235 PSI 
-D- 1800 LBS LOAD: CV~22%; MEAN~18,64 7 PSI 
+ 
150 200 250 300 350 400 
SECTION 
Figure 22. Variation of Subgrade Modulus- 1990 (Ky 11, Owsley County; 











































100 150 200 250 300 350 
SECTION 
PENNYRILE, 1990 FIELD DATA 
100 
-+- 600 LBS-LOAD: CV~41%; MEAN~10,118 PSI 
__,_ 1200 LBS-LOAD: CV~28%; MEAN~8,706 PSI 
-D- 1800 LBS LOAD: CV~39%; MEAN~10,000 PSI 
150 200 250 300 350 
SECTION 
Figure 23. Variation of Subgrade Modulus- 1990 (Mountain Pkwy., 




TABLE 4. VARIATION OF SUBGRADE MODULUS FOR 1991 
VARIATION OF SUBGRADE MODULUS (1991 FIELD DATA, 600-LBS LOAD) 
~-----------·-·--------·------------ ;,!E,;;T~'~o;;.;==,.;~~=~;;-~~;"'i-ii===i~~~"'~~:o-~;:;~~~:;;:~2ii"'~:::"i55~:-fci~i~=-~~~ii"7~:--iFii·::5~-=::o_o:.::ai::i3=~6ii¥:i:~Y~.:::=±:;~-~-~-·--·-~·-----------·--·-·~·~---
.00 27.000 ao,ooo 100,000 41,000 40,000 100,000 69,000 40,000 30,000 32,000 35,000 88,000 
25.00 29,000 94, ooo 100,000 39,000 ss,ooo 96,000 35,000 36,000 24,000 43,000 32,000 51,000 
50.00 421 QQQ ss,ooo 51,000 31,000 67,000 100,000 71,000 37,000 35,000 51,000 39,000 100,000 
75.00 39,000 100,000 91,000 35,000 50,000 64,000 40,000 so, 000 31,000 46,000 53,000 28,000 
100.00 35,000 100,000 59' 000 31,000 57,000 100,000 41,000 43,000 21,000 34,000 97,000 1, 000 
125.00 59,000 100,000 61,000 35,000 48,000 100,000 44,000 45,000 24,000 35,000 75,000 75,000 
150.00 60,000 60,000 20,000 31,000 63,000 89,000 36,000 42,000 36,000 47,000 100,000 33,000 
175.00 44,000 52 ,coo 18,000 51,000 52,000 100,000 43,000 42,000 17,000 54,000 81,000 82,000 
200.00 36,000 47 ,coo 57,000 33,000 61,000 100,000 76,000 37 ,ooo 24,000 53,000 65,000 48,000 
225.00 36,000 100,000 27,000 28,000 43,000 100,000 47,000 44,000 22,000 56 f 000 50,000 35,000 
250.00 36,000 100,000 49,000 29, 000 53,000 100, 000 56,000 40, 000 27, 000 47,000 25,000 40,000 
275.00 24,000 91,000 48,000 34,000 51,000 58,000 48,000 43,000 23,000 50,000 6' 000 29' 000 
300.00 50,000 100,000 56,000 42,000 58,000 100,000 63,000 32,000 24,000 54 ,ooo 24,000 52,000 
325.00 36,000 75,000 62,000 41,000 60,000 99' 000 68,000 33,000 23,000 42,000 30,000 36,000 
350.00 32' 000 62,000 58 f 000 35,000 60,000 100,000 97,000 42 f 000 20,000 60,000 25,000 28,000 
375.00 39,000 100,000 57' 000 36,000 57 ,ooo 100,000 100,000 30,000 35,000 51,000 1 ,ooo 19,000 
400.00 54' 000 100,000 74,000 32,000 51,000 100,000 88,000 38,000 21,000 32 ,ooo 95,000 76' 000 
"'"'"'"'"'"'--=~'"'"'"'"'"'"'"'"'"'"''"~~~---~~'"'""'"'"'"'"'"'"'"'"'"'"'"'"'"'"'""''"'"''"'"~-mmmmm_ .. ..,,,,,,,,,,,.,.,,,,~,.,.,. _____ ,..,..,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
NEAN 39' 882 85,235 58 f 118 35,529 54,471 94,471 60,118 39,647 25,706 46,294 49,000 48,294 
"" 10,226 18,370 23,187 5,616 6' 835 12,552 20,465 4,970 5,528 8,477 30,554 26' 357 VARIANCE 1.0457e8 3.375e8 5.3763e8 3 ,1543e7 4.6720e7 1. 5754e8 4 ,188097e8 2.4699e7 3.0561e7 7 ,1855e7 9.3353e8 6.9468e8 
ov ,., 25.6 21,6 39.9 15.8 12.5 13.3 34.0 12.5 21.5 16.3 62.4 54.6 
VARIATION OF SUBGRADE MODULUS ( 1991 FIELD DATA, 1200-LBS LOAD) =------.. ,======== .. -------.. ================,~-~---------"''"""""-=================-----"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'================= 
SECTION KYllLEE US-119 KY-80 KY-61 I-64 CAR DAN . BOONE CUMBERLAND AA HW KY-11 ow US-23 MOUNT,PKY I-71 
.DO 241 QQQ 44,000 37,000 30,000 27,000 50,000 561 QQQ 291 QQO 28,000 281000 231 QQQ 22,000 
25.00 241 QQQ 33,000 50,000 38,000 39,000 41 f 000 271 QQQ 28,000 22,000 31,000 15,000 26,000 
so. 00 271 QQQ 51,000 33,000 24,000 40,000 51 f 000 311000 291 QQO 30,000 331 QQQ 121 QQQ 33,000 
75.00 271 QQQ 40,000 34 f 000 271000 31,000 49 f 000 30,000 35,000 28,000 33,000 44,000 28,000 
100.00 291 QQQ 51,000 26,000 24,000 36,000 59 f 000 291 QQQ 40,000 211000 271 QQQ 301000 95,000 
125,00 32,000 451000 33,000 J9 1 QOO 301000 48,000 291 QQQ 331 QQQ 91 QQQ 32,000 39,000 31,000 
150.00 291 QQQ 39, ooo 15,000 271 QQQ 301000 47 ,coo 291 QQQ 28,000 29' 000 J4 1 QQQ 331 QQQ 24,000 
175.00 29' 000 52, ooo 13 f 000 38,000 31,ooo 65,000 191 QQQ 271000 191 QQQ 381000 22,000 34 f 000 
200.00 24,000 41,000 36 f 000 27 f 000 401000 53' 000 45,000 241000 21,000 J3 1 QQQ 30,000 24 f 000 
225.00 211000 45,000 18,000 27 f 000 321000 30,000 48,000 29,000 19 f 000 361 QQQ 31,000 24,000 
250.00 27' 000 511000 25,000 30,000 301000 54 f 000 25,000 J2 1 QQO 221000 331000 23,000 2 f 000 
275.00 221 QQQ 42,000 19 ,coo 27' 000 34,000 46 f 000 361000 31,000 23 f 000 291000 221000 21,000 
300,00 30,000 58,000 19,000 25,000 281 000 51, 000 40,000 361000 22, 000 33,000 11, 000 21,000 
325.00 251000 42, coo 21,000 26 f 000 34 f 000 46,000 42,000 23,000 20,000 29' 000 221000 14,000 
350.00 261 QQQ 371 QQQ 22,000 27 f 000 31,000 51,000 43 f 000 29 f 000 22 f 000 34 f 000 18,000 381000 
375.00 291000 51,000 26' 000 25,000 321000 54.000 50 f 000 23 f 000 13' 000 33 f 000 501000 34,000 
400,00 30,000 411000 26,000 27 f 000 301000 46,000 44 f 000 23' 000 21,000 251000 251000 15,000 
====,======~==-==~~==================,~~=m~==========================~=~~====~============="'""'"~======,.=============== 
MEAN 261765 441882 26,647 28,706 331000 49,471 36,647 29,353 21,706 311824 261411 26,566 
<TD 2,981 6,333 9,222 4' 737 3,970 7,228 9,935 4 f 677 5,199 3 f 204 10,416 181655 
VARIANCE 8.8858e6 4. 010e7 8.5052e7 2.2443e7 1. 576Se7 5.2249e7 9, 869896e7 2 .187Se7 2.7031e7 1.0263e7 1.0848e6 3.4801e8 
ov ,., 11.1 14.1 34.6 16,5 12.0 14.6 27.1 15.9 24.0 10.1 39.3 65.3 
VARIATION OF SUBGRADE MODULUS (1991 FIELD DATA, 1800-LBS LOAD) 
=====.,=-~=="'============--~=~--"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"''""" __ & ___ ,,,.,,,,,,,=========~===----...... ~========================== 
SECTION KY11-LEE US-119 KY-80 KY-61 I-64 CAR DAN.BOONE CUMBERLAND AA HW KYll ow US-23 MOUNT.P:KY I-71 
.00 25,000 441000 651000 38,000 36,000 51,000 501000 32,000 311000 301000 27' 000 
25.00 27,000 34,000 5J 1 QQQ 32,000 45,000 471000 31,000 32,000 251000 37,000 281000 
50.00 31,000 52,000 33,000 311000 36,000 571 QQQ 30,000 35,000 33' 000 38,000 981000 
75.00 32,000 44,000 421 QQQ 30,000 42,000 60,000 291 QQQ 391 QQQ 33,000 41,000 30' 000 
100.00 27,000 511000 291 QQQ 31,000 43 f 000 671000 34' 000 39,000 211000 291 QQO 83 f 000 
125.00 38 f 000 431000 281000 31,000 35,000 561 QQQ 35,000 36,000 271 QQQ 35,000 34 f 000 
150.00 37,000 37 f ooo 161000 32,000 36,000 561 QQQ 33,000 321 QQQ 32,000 39,000 281000 
175.00 33,000 431000 151000 331 QOQ 43,000 551000 311000 29,000 20,000 42' 000 26 f 000 
200.00 30,000 43,000 231 QQQ 31,000 46,000 591000 451000 26,000 241 QQQ 40,000 291000 
225.00 31,000 48,000 211000 30,000 37,000 43,000 48,000 32,000 231 QQQ 38,000 21 f 000 
250.00 28,000 511000 27,000 31,000 35,000 55,000 42,000 351000 25,000 36,000 83' 000 
275.00 23,000 441000 241 QOQ 281000 43,000 45,000 441 QQQ 31,000 251000 321000 271 OQQ 
300.00 37 ,coo 581000 24' 000 26,000 40,000 571 QQQ 48,000 561 QQQ 151000 35,000 29 f 000 
325.00 34 f 000 461000 25,000 29,000 38,000 51,000 491 QQQ 301000 241 QQQ 32,000 241 QQQ 
350.00 28,000 431000 281000 27,000 40,000 561 QQQ 61100Q 261 QQO 241 QQQ 36,000 30 f 000 
375.00 33' 000 511000 31,000 27,000 43,000 551000 551000 241 QQO 291 QQQ 35,000 43,000 
400.00 38,000 461000 311000 25,000 36,000 501000 411000 25,000 131 QQQ 261 QQQ 16 f 000 
======--"'"'"'''"""'"'"'"'"'"'"'"'"'"'"'"'-=-==="'="'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'======-----====••"""'"'"'========="'=====a=-==========,.===================-= 
NEAN 31' 294 451765 30,294 301118 39,765 541116 411529 321882 241941 351353 38,941 
<TD 4,456 51589 121304 2,968 3,557 51676 91312 71251 5, 557 41256 23 f 456 
VARIANCE 1.9855e7 3 .124e7 1.5138e6 6.6097e6 1.2651e7 3.2221e7 6.671972e7 5, 2574e7 3. 0879e7 1. 8ll1e7 5.5017e8 




























































0 50 100 150 200 250 300 350 400 
SECTION 
125000 
US-119, 1991 FIELD DATA 
-+- 600-LBS LOAD: CV~22%; MEAN=85,235 PSI 
-~ 1200-LBS LOAD: CV~14%; MEAN~44,882 PSI 
105000 -D-
'ooo-= ,wm,;:;;,\"""1~ 




0 50 100 150 200 250 300 350 400 
SECTION 
110000 
KY -80, 1991 FIELD DATA 
-+- 600-LBS LOAD: CV~40%; MEAN~58,118 PSI 
--<-- 1200-LBS LOAD: CV=35%; MEAN~26,647 PSI 





0 50 100 150 200 250 300 350 400 
SECTION 
Figure 24. Variation ofSubgrade Modulus- 1991 (KY 11, Lee County; US 

























































0 50 100 150 200 250 300 350 400 
SECTION 
soooo.------'-1 ~6_:_4_C~A_._R'-'T-'=E:'_'R,_, __:::19~9_._1 _._F"=IE=LD:::__:D:::_A,_T'-'A'------~ 
-+- 600-LBS LOAD: CV~13%; MEAN~54,471 PSI 
70000 
--<>- 1200-LBS LOAD: CV~12%; MEAN~33,000 PSI 
+ -D- 1800-LBS LOAD: CV~9 %; MEAN~39,765 PSI 
;/\/"/V\/-/,-'++,, 60000 50000 
40000 
30000 I /~~~-----
20000J_~ __ i__L __ L__L~--J_~ __ L__L __ L__L_j __ i_~~ 
0 50 100 150 200 250 300 350 400 
SECTION 
125000 
DANIEL BOONE, 1991 FIELD DATA 
-+- 600-LBS LOAD: CV~13%; MEAN~94,471 PSI 




~-+\/ '"~ '""~ "" "'"' ~"~'" ~ 
45000 
25000 
0 50 100 150 200 250 JOO 350 400 
SECTION 
Figure 25. Variation of Subgrade Modulus- 1991 (KY 61, Hardin County; 






















O·~_L__j __ ~_j__i __ L_~_L~--L_~_l~--~_L~ 
0 50 100 150 200 250 300 350 400 
SECTION 
AA HIGHWAY, 1991 FIELD DATA 
~ 70000 
Ul -+- 600~LBS LOAD: CV~13%; MEAN~39,64 7 PSI 
CL 
~ 

















































-D- 1800~LBS LOAD: CV~22%; MEAN~32,882 PSI 
100 150 200 250 300 350 
SECTION 




.6QO~LBS LOAD: CV~22%; MEAN~25,706 PSI 
1200~LBS LOAD: CV~24%; MEAN~21,706 PSI 
1800~LBS LOAD: CV~22%; MEAN~24,941 PSI 
• 




Figure 26. Variation ofSubgrade Modulus- 1991 (Cumberland Pkwy., 





























































20000~~--~_L __ L__L_J __ i_~ __ L__L __ L_~_J __ i__L~ 
0 50 100 150 200 250 300 350 400 
SECTION 
120000 







0 50 100 150 200 250 300 350 400 
SECTION 
120000 
1-71, 1991 FIELD DATA 
-+- 600-LBS LOAD: CV=55%; MEAN=48,294 PSI 
-- 1200-LBS LOAD: CV=65%; MEAN=28,588 PSI 
96000 -{]- 1800-LBS LOAD: CV=60%; MEAN=38,941 PSI 
\ 72000 48000 
24000 
0 
0 50 100 150 200 250 300 350 400 
SECTION 
Figure 27. Variation ofSubgrade Modulus- 1991 (US 23, Lawrence 

























MEAN VALUES OF SUBGRADE MODULUS 
-+- 800 LBS-LOAD -+- 1200 LBS-LOAD -8-1800 L.BS LOAD 
2 3 4 5 6 7 8 
ROUTE 
9 10 11 12 13 14 
COEFF. OF VARIATION OF SUBGRADE MODULUS 
1990 FIELD DATA 
2 3 4 5 6 7 8 
ROUTE 
KY-11 LEE; ROUTE 2 
KY-80; ROUTE 4 
I-64 CARTER; ROUTE 6 
DANIEL BOONE; ROUTE 8 
AA HIGHWAY; ROUTE 10 
US-23; ROUTE 12 
MOUNT. PKY; ROUTE 14 





KY -11 OWSLEY 
: WKP 
PENNYRILE 
Figure 28. Mean Values and Coefficient of Variation of Subgrade 
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Figure 29. Mean Values and Coefficient of Variation of Subgrade 
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Figure 30. Coefficient of Variation of Subgrade Modulus for 1,200-Pound 
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Figure 31. Coefficient of Variation of Subgrade Modulus for 1,800-Pound 
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Figure 32. Coefficient of Variation ofSubgrade Modulus for 1,800-Pound 
Load Versus Coefficient of Variation for 1,200-Pound Load. 
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Figure 33. Design Reliability for Subgrade Modulus. 
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Table 5. Variation of Subgrade Modulus with Time (Road Rater). 
================================================================================================= 
SITE AVE. SUBGRADE MODULUS (PSI) 
1iUlJ=LHs-LOAlr·----------
19B9 1990 1991 
AVE. SUBGRADE MODULUS (PSI) AVE. SUBGRADE MODULUS (PSI) 
--·------------------1:21)'(t=r;'J"tS""-I:;lJArr" ______ --·-----~--------------r~BS--I:ie:>i'd:~ .. -----------~-·-·-- .. ~ 
1989 1990 1991 1989 1990 1991 
======================================= ============================ ============================ 
KYllLEE 39,000 39,882 23,300 2.7,706 26,765 32,000 31,294 
US119 44,000 85,235 36,850 31,882 44,882 27,588 45,765 
KYBO 37,300 58,118 20,200 20,050 26,647 23,300 30,294 
KY61 24,000 27,176 35,529 19,800 22,235 28,706 24,850 21,941 30,118 
I-64CARTER 34,500 54,471 29,600 24,250 33,000 27,980 39,765 
I-24 35,600 33,118 19,000 26,941 23,700 32,059 
DANIEL BOONE 79,200 67, 176 94,471 42,400 39,882 49,471 42,300 41,059 54,118 
CUMBERLAND 34,100 43,706 60,118 30,000 32,412 36,647 39,400 36,941 41,529 
AA HIGHWAY 27,618 39,647 19,400 23,588 29,353 27,118 32,882 
KY11 OWSLEY 25,200 17,100 25,706 20,800 15,550 21,706 21,300 17,700 24,941 
US-23 36,917 46,294 27,159 26,208 31,824 32,417 35,353 






























Table 6. Variation of Subgrade Modulus with Time (FWD). 
============================================ 
SITE AVE. SUBGRADE MODUDULUS (PSI) 
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Figure 40. Backcalculated Subgrade Modulus Versus Laboratory Resilient 
Modulus - 1989. 
00 ..... 
RESILIENT MODULUS VS. LABORATORY 
MOISTURE CONTENT 
........_25--- ... --·~ 
'#. ......... -c 












5 10 15 20 
Resilient Modulus (PSI X 1 000) 
~ REGRESSION 









~n .c • 
:::::. 120 >-
1-
• • • • ' • 
(/) 
00 z 110 1:\:) 
UJ 
' ' l!l !ill 
0 • 
co 100 :5 
90 
80 
8 13 18 23 28 33 38 43 48 
RESILIENT MODULUS (PSI X 1 000) 
• ORIGINAL POINTS -+- REGRESSION POINTS 
Figure 42. Laboratory Density Versus Laboratory Resilient Modulus. 
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Figure 43. Field CBR Values Versus Laboratory Resilient Modulus. 
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Figure 44. Field CBR Values Versus Backcalculated (Road-Rater) 
Modulus. 
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Table 7. Moisture Contents and Modulus of Subgrade (Laboratory and Field). 
LOCATION STATION %MOISTURE MODULUS (PSI) 
LAB FIELD LAB FIELD 
CUMPKY 100 23.98 24.41 20,422 26,000 
AAHWY 100 19.15 19.63 21,795 22,500 
KY4 100 32.92 9,841 13,000 
00 
01 
KY 11 (LEE) 100 17.12 21.31 14,026 20,100 
400 17.35 15.13 22,670 26,500 
KY61 100 17.65 13.52 20,374 24,000 
400 13.86 11.69 18,389 24,000 
WKP 100 17.04 21.05 17,882 16,000 
400 16.59 17.14 9,632 17,400 
Table 8. Variation of AC Modulus for 1990. 
VARIATION OF AC. MODULUS (1990 CONVERTED FIE.:!:.D DATA) 
SECTION KYll-LEE us-119 KY-80 KY-61 I-64 CAR I-24 DAN.BOONE CUMBERLAN AA HW KY-11 OW US-23 WKP 
.00 1,404,268 242,685 294,114 211,351 861,980 1,513,606 239,001 211,998 237,518 84,109 229,044 6341909 
25.00 884,812 857,125 276,071 1,762,327 617,124 265,065 217,398 ,116,067 
00 50.00 679,837 178,713 361,116 868,289 516,996 260,234 293,314 654,426 
a> 75.00 489,138 455,031 248,218 770,910 380,500 250,571 222,395 732,847 
100.00 575,077 349,050 653,093 323,040 616,012 1,058,833 1,236,262 211,998 227,393 158,236 121,235 772,607 
125.00 1,057,820 178,713 1341832 876,404 419,163 81,886 324,156 401,912 
150.00 3,180,715 443,576 299,499 852,059 380,500 240,908 339,748 401,912 
175.00 732,747 260,771 423,713 642,778 452,992 164,697 267,928 772,607 
200.00 1,085,370 242,685 448,767 143,658 747,543 280,997 414,330 169,332 381,387 158,236 218,676 344,784 
225.00 1,169,116 458,905 234,393 266,159 492,310 211,998 217,398 439,996 
250.00 438,340 1,106,639 202,221 340,710 918,501 183,494 267,928 363,827 
275.00 750,563 360,306 234,393 348,287 313,642 216,762 319,016 595,873 
300.00 1,281,152 224,781 916,174 276,071 354,431 348,287 385,333 403,987 418,485 234,334 295,405 712,979 
325.00 1,252,993 857,125 516,998 318,246 229,784 207,234 288,201 537,320 
350.00 644,675 405,479 234,393 540,251 414,330 207,234 439_, 746 358,711 615,391 
375.00 1,002,720 367,835 234,393 540,251 448,160 216,762 445,061 595,873 
400.00 1,178,436 360,306 597,490 262,043 354,431 493,458 744,963 164,697 574,037 273,063 320,053 772,607 
MEAN 1,047,517 432,337 581,927 271,553 586,879 695,403 506,111 215,815 322,418 181,596 257,187 615,643 
STD 605,240 255,782 208,612 92,205 205,137 419,346 246,666 63,341 97,437 65,943 77,972 190,252 
VARIANCE 3. 6632e11 6. 5424e10 4. 3519e10 a .50173e9 4. 2081e10 1. 7585e11 6. 08441el0 4. 01213e9 9. 49398e9 4. 34851e9 6. 07966e9 .6196e10 
cv 57.8 59.2 35.8 34.0 35.0 60.3 48.7 29.3 30.2 36.3 30. 30.9 
VARIATION OF AC MODULUS 
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Figure 45. Variation of AC Modulus for 1990 (KY 11, Lee County; US 119, 
Pike County; KY 80, Floyd County). 
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Figure 46. Variation of AC Modulus for 1990 (KY 61, Hardin County; 
Interstate 64, Carter County; Interstate 24, Marshall County). 
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Figure 47. Variation of AC Modulus for 1990 (Daniel Boone Pkwy., Clay 
County; Cumberland Pkwy, Barren County; AA Highway, 
Lewis County). 
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Figure 48. Variation of AC Modulus for 1990 (KY 11, Owsley County; US 
23, Lawrence County; Western Kentucky Pkwy., Lyon County). 
90 
Table 9. Variation of AC Modulus for 1991. 
VARIATION OF AC. MODULUS (1991 CONVERTED FIELD DATA) 
SECTION KY11-LEE US-119 KY-80 KY-61 I-64 CAR DAN.BOONE CUMBERLAND AA HW KY11 OWSL US-23 
' 
.00 1,297,457 337,216 278,378 488,703 755,665 ' 561,872 574,364 445,911 83,258 192,9971 
25.00 906,535 720,038 361,110 469,855 409,112 626,404 223,291 574,719 277,190 141,3 761 
50.00 589,659 120,000 527,762 498,127 696,299 626,404 1,367,914 560,722 224,189 180,01~ 
75.00 737,328 570,308 488,104 281,366 451,005 626,404 570,945 253,452 220,176 188,669J 
100.00 417,540 402,571 656,159 795,548 455,717 518,999 479,679 282,758 621,827 116,08lj 
125.00 1,468,953 385,535 462,859 446,295 715,934 626,404 403,995 366,287 917,025 241,294! 
<D 150.00 1,418,865 328,842 1,095,661 469,855 943' 001 626,404 657,112 346,666 86,878 192,991; ,.... 
175.00 1,301,886 153,794 620,551 214,905 795,546 352,455 964,382 390,268 301,978 294,78:>! 
200.00 1,528,148 561,208 468,469 427,655 399,841 582,068 361,729 392,457 252,660 285,83~ 
225.00 1,119,577 251,524 1,032,773 376,665 564,794 535,069 466,361 372,827 314,457 192,99~ 
250.00 960,042 3791146 632,421 344,619 642,305 475,314 942,049 388,088 277,190 281,36~ 
275.00 1,141,160 326,744 727' 375 460,431 353,767 518,999 144,999 489,228 240,418 290,31Q 
300.00 1,455,293 125,567 816,274 657,146 598,584 494,370 410,560 218,390 1,061,938 267,95~ 
325.00 1,382,438 377,017 688,800 815,806 820,870 517,213 436,819 815,561 318,631 326,41 
350.00 1,350,602 343,499 859,996 521,787 810,737 615,116 332,913 605,505 289,584 381,30~ 
375.00 877,723 370,726 730,342 531,344 427,654 626,404 557,271 526,128 1,047,265 335,47 
400.00 1,396,098 322,660 748,589 662,0ll 671,756 387' 021 ll5,619 680,548 1,052,156 308,30 
MEAN 1,138,194 357,435 658,566 497' 772 618,388 548,054 530,000 453,501 446,284 248,12~ 
STD 325,285 151,186 212,989 157,081 172,918 83,261 307,523 153,494 337,571 72,01~ 
VARIANCE 1.058le11 2.2857e10 4.5364e10 2.4674e10 2.9901e10 6.93235e9 9.45701e10 2.3560e10 1.1395e11 5.18596e~ 
cv (%) 28.6 42.3 32.3 31.6 28.0 15.2 58.0 33.8 75.6 29.q 
I 
I 
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Figure 49. Variation in AC Modulus for 1991 (KY 11, Lee County; US 119, 
Pike County; KY 80, Floyd County). 
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Figure 50. Variation in AC Modulus for 1991 (KY 61, Hardin County; 
Interstate 64, Carter County; Daniel Boone Pkwy., Clay 
County). 
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Figure 51. Variation in AC Modulus for 1991 (Cumberland Pkwy., Barren 
County; AA Highway, Lewis County; KY 11, Owsley County). 
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Figure 56. Backcalculated AC Modulus (1990 Versus 1991). 
























































































































Note : (*) : Incomplete data, not included in the plot below. 
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LAB. MODULUS VS. FIELD MODULUS 
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Table 11. Average Backcalculated AC Modulus for 1991. 
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Figure 70. Transverse Cracking as a Function of Age. 
Table 12. Rideability Index Values for All Sites. 
R. I. 
SITE 1989 1990 1991 1992 
WKPY 4.11 4.17 3.92 3.95 
I-24 3.74 3.46 3.46 3.42 
AUDPKY 3.16 3.06 3.19 3.02 
CUMPKY 3.67 -- 3.76 3. 72 
US 31W 3.36 3.11 3.00 3.58 
1-' KY 61 -- 3.82 3.71 3.73 1-' 
~ I-65 3.78 3.39 3.66 3.68 
I-71 -- 4.00 3.95 3.88 
I-64 (Fayette) 2.13 1.98 2.33 1.95 
KY 4 3.53 3.57 3.34 3.30 
I-64 (Carter) -- 4.06 3.88 3.87 
KY 576 3.56 3.38 3.23 3.27 
KY 11 (Lee) 3.62 3.80 3.74 3.74 
MNTPKY -- 3.78 3.51 3.55 
KY 11 (Owsley) 3.49 -- -- 3.35 
DBPKY 3.88 3.90 3.77 3.91 
KY 80 2.95 2.78 2.67 2.69 
us 119 3.51 3.43 3.30 3.58 
us 23 -- 2.28 1.56 1. 03 
,_. .... 
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Figure 72. Riedability Index as a Function of Accumulated AADT's. 
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Figure 73. Rideability Index as a Function of Accumulated AADT's. 
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Figure 74. Rideability Index as a Function of Accumulated AADT's. 






RI VERSUS ACCUMULATED ESAL'S 




4.1 . '. ·-·---~-. - _.,.__-
3.9 1-.. . . • . • . . • . • . • ..•.•. : .. , ........... . 
3.7 
3.5 L_ __ ~---~---~--~---~--_j 
1.2 1.4 1.6 1.8 2.0 2.2 
ACCUMULATED ESAL'S (MILLIONS) 
RI VERSUS ACCUMULATED ESAL'S 












RI VERSUS ACCUMULATED ESAL'S 
INTERSTATE 24 (FLEXIBLE) 
... - .. -- .......... ,_ . '~--
• . . . . ........................ :: '>-.,. 
7.5 8.0 8.5 9.0 9.5 
ACCUMULATED ESAL'S (MILLIONS) 
RI VERSUS ACCUMULATED ESAL'S 




0: 3.8 0: 
3.6 ~ . ."> ••... 
~~~....._ 
~ 3.4 ·- .. ·.·.·-·-· 
3.6 
3.2 1-.- •.••••.•.•••• 
3.4 '------~-----'------'-------'----- 3.0 '---~--'---"--'---'--"-----'--'--~---'-~--"----' 
u u u u u u u u u u u u u ~ 0.9 1.0 1.1 1.2 1.3 1.4 
ACCUMULATED ESAL'S (MILLIONS) ACCUMULATED ESAL'S (MILLIONS) 







RI VERSUS ACCUMULATED ESAL'S 




·----- .... __ 
3.8 f- .. . ............................... . 
3.6 .......... . 
3.4'----'--_L-~-L-~L__i _ _L_~_L_~ _ _i _ _L~ 
u u u u u u u u u u u u u ~ 
ACCUMULATED ESAL'S (MilLIONS) 
RI VERSUS ACCUMULATED ESAL'S 
US 119 (FLEXIBLE) 
4.0.--------------------------..., 
3.8 
3.6 .. !!"f!S. ~<?l_N_:I"}'~9"-!" ~?f? .. 
3.4 
3.2 
3.0 '----'-----'----'----'--~----'---L-L-_ _j 
1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 
ACCUMULATED ESAL'S (MilLIONS) 
RI VERSUS ACCUMULATED ESAL'S 
KY 11, OWSLEY COUNTY (FLEXIBLE) 
4.0 l _____________________ :___j 
3.8 
3.6 
0:: 3.4l .. .. ... . . .. .......... ........... . ......... . 
3.2 
3.0 L_ ______ J_ ______ _L ______ _jl 
0.06 0.08 0.10 
ACCUMULATED ESAL'S (MILLIONS) 
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1-64 CARTER COUNTY, 1 991 
STATION 1 + 75, RWP 
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Figure 79. Comparison of Field and Backcalculated Deflection Bowls Showing 
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Figure 80. Comparison of Field and Backcalculated Deflection Bowls Showing a 
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Figure 83. Finite Element Deflection Bowl Prediction Assuming Cracked Asphaltic 
Concrete and a Reduced Dense-Graded Aggregate Modulus. 
Figure 84. Finite Element Grid Showing Deformed Shape of Cracked Asphalt 
Under FWD Loading. 
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Figure 81. Finite Element Deflection Bowl Prediction Assuming Uncracked 
Asphaltic Concrete. 
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SITE DATA SHEETS 
126 
LTTP SITli.:: NO.1 
WESTERN KENTUCKY PARK\VAY 
Travel Direction: South Approximate Grade: -0.84% 
Street/Road Type: Parkway Super Elevation: No 
Mile Point: 2.9 Layer Thickness 
Len1,>th: 500 feet DGA: 6-inehes 
Pavement Surface Type: AC AC: 11.7-inches 
Lane Width: 12 feet AADT: 4,720 (1989) 
Number of 'Travel Lanes: ± 
Shoulder Width: 10 feet 
127 
LTI'P SITE NO, 2 
INTERSTATE 24 
-~--~---~--------~~----~~~-~-----~~~--~-~-----MA&'m'ALL-t-:o:u.N'I'¥,-KENTUCKY-~--~----~ --- ~~----~~----~-
Travel Direction: East 
Street/Road Type: Interstate 
Mile Point: 22.0 
Length: 500 feet 
Pavement Surface Type: AC 
Lane Width: 14 feet 
Number of Travel Lanes: .1 
Shoulder Width: 8 feet 
128 
A • t ('' d 1 2'" I>.pproxnna ,e .,-ra e: + . . 10 




AAD'I': 18,820 (1989) 
L'fTP SITE NO. 3 
AUDUBON PARKWAY 
~-------------------------------------------------DAVlESS-4'-0UN'rY,,KENTUGK¥--------------------~-----------------------------------------
Travel Direction: East Approximate Grade: .+0.34% 
Street/Road Type: Parkway Super Elevation: No 
Mile Point: 20.0 Layer Thickness 
Length: 500 feet DGA: 4-inches 
Pavement Surfaee Type: FCC FCC: .9-inches 
Lane Width: 12 feet AADT: 4,160 (1989) 
Number of Travel Lanes: .1 
Shoulder Width: 10 feet 
129 
LTTP SITE NO.4 
PENNYlULE PARKWAY 
------------------------------------------~~----Vt'EBSTER!XllJNTYr-KEN'l'UCKY------------~------------------
'I'ravel Direction: North Approximate Grade: _:0.47% 
Street/Road Type: Parkway Super Elevation: No 
Mile Point: 65.0 Layer Thickness 
Length: 500 feet DGA: 4-inches 
Pavement Surface Type: AC/PCC PCC: 10-inches 
Lane Width: 12 feet AC: 7-inches 
Number of Travel Lanes:± AADT: 6,760 (1989) 
Shoulder Width: 12 fi3et 
130 
LTTP SITE NO, 5 
ClTMBERLA ... ·•,m PARKWAY 
--~-~~-~-~~-~---······~~~-~~~-~~--~---~- HARREN-.f'~lJN'I'¥,-KENTIJCKY .... ~-····-~----~~-~~~~~~~---~---~--~-~~~ 
Travel Direction: East Approximate Grade: +2.4% 
Street/Road Type: Parkway Super Elevation: No 
Mile Point: 9.17 Layer Thickness 
Length: 500 feet DGA:Q 
Pavement Surface Type: AC AC: 15-inches 
Lane Width: }2 feet AADT: 4,090 (1989) 
Number of Travel Lanes: ± 
Shoulder Width: 9.5 feet 
131 
L'I"l'P SITE NO. 6 
U831W 
___________ HA RDilSLCOUNTY,KENTI.ICKY______________________________________________________ _ ______ _ 
Travel Direction: North Approximate Grade: +0.88% 
Street/Road Type: State Primary Super .Elevation: JSQ 
Mile Point: :32.7 Layer Thickness 
Length: 500 feet DGA: 4-inches 
Pavement Surface Type: PCQ PCC: 8.75-inches 
Lane Width: 12 feet .MDT: 1:3.700 (1989) 
Number of Travel Lanes: 1 
Shoulder Width: 9.5 feet 
132 
Travel Direction: South 
LTTP SITE NO. 7 
KENTUCKY61 
Approximate Grade: -0.59% 
Street/Road '.fYpe: State Primary Super Elevation: No 
Mile Point: 1. 7 Layer Thickness 
Length: 500 feet DCA: 12-inches 
Pavement Surface Type: AC AC: 9-inches 
Lane Width: 12 feet AADT: 7,170 (1989) 
Number of Travel Lanes: 1 
Shoulder Width: 10 feet 
133 
LTI'P SITE NO.8 
INTERSTATE 65 
--------~----------------------------~~----~----~----BULYTT~'l'Y;KEN'l'UGK¥~---~------~--------~----------------~-------~----------
Travel Direction: North Approximate Grade: 0% 
Street/Road Type: Interstate Super Elevation: No 
Mile Point: 106.2 Layer Thickness 
Length: 500 feet DGA: 5.5-inches 
Pavement Surface Type: PCC PCC: 9-inches 
Lane Width: 12 feet AADT: ::!:1,740 (1989) 
Number of Travel Lanes: .:± 
Shoulder Width: 10 feet 
134 
Travel Direction: Nort:h 
Street/Road Type: Interstate 
Mile Point: 25.0 
Length: 500 feet 
Pavement Surface Type: PCC 
Lane Width: 12 feet 
Number of Travel Lanes: .:± 
Shoulder Width: 10 feet 
LTTP SITE NO. 9 
INTERSTATE 71 
Approximate Grade: Sag 




Broken PCC: 10 inches 
AAD'l': 20,690 (1989) 
135 
Travel Direction: East 
Street/Hoad 'Iype: Interstate 
Mile Point: 73.8 
Length: 500 feet 
Pavement Surface 'lype: PCC 
Lane Width: 12 feet 
Number of Travel Lanes: ,1 
Shoulder Width: 10 feet 
L'ITP SITE NO. 11 
INTERSTATE 64. 
Approximate Grade: + Ll% 




AADT: 17.260 (1989) 
136 
LT'rP SITE NO. 12 
KEN'rUCKY4 
-----~----------------- --------------------~----~---Pft¥E'ITE £-ffi:JN'f:'-¥,-KENTUCK¥ ----------------~-----------------------------------
Travel Direction: East Approximate Grade: + 1.3% 
Street/Hoad Type: State Primary Super Elevation: No 
Mile Point: .3.5 Layer Thickness 
Length: 500 feet DGA: 12-inches 
Pavement Surface 'Iype: AC AC: 8.5-inches 
Lane Width: 12 feet AADT: 50,000 (1989) 
Number of Travel Lanes: :± 
Shoulder Width: 10 feet 
137 
Travel Direction: West 
Street/Road Type: Interstate 
Mile Point: 170.6 
Length: 500 feet 
Pavement Surface 'l~vpe: AC 
Lane Width: 12 feet 
Number of Travel Lanes: .± 
Shoulder Width: 10 feet 
LTTP SI'TE NO. 13 
INTERSTATE 64 
Approximate Grade: 0% 




AAD'l': 10,700 (1989) 
138 
LTTP SITE NO. 14 
AA HIGHWAY SECTION 19 
Travel Direction: West Approximate Grade: 0% 
Street/Road Type: State Primary Super Elevation: No 
Mile Point: 2.8 Layer Thickness 
Length: 500 feet STABILIZATION: 6-inches. lime 
Pavement Surface 'I'ype: AC DGA: 4-inches 
Lane Width: 12 feet AC: 11.0-inches 
Number of Travel Lanes: ~ AADT: 2,000 (1989) 
Shoulder Width: 10 feet 
139 
Travel Direction: North 
Street/Road Type: 2-Lane 
Mile Point: 11.14 
Length: 500 feet 
Pavement Surface Type: AC 
Lane Width: 12 feet 
Number of Travel Lanes: .1:_ 
Shoulder Width: 10 feet 
LT'l'P SITE NO. 15 
KENTUCEYll 
Approximate Grade: -1.54 
Super Elevation: No 
Layer Thickness 
DGA: 6-inches 
AC: 8. 75-inches 
AADT: 2,100 (1989) 
140 
Travel Direction: West 
Street/Road Type: Parkway 
Mile Point: 80.8 
Length: 500 feet 
LTTP SI'fE NO. 16 
MOUNTAIN PARKWAY 
Approximate Grade: +.189% 
Super Elevation: No 
Layer Thickness 
DGA: 5-inches 
Pavement Surface Type: AC/PCC Broken PCC: 8-inches 
Lane Width: 12 feet AC: 7.87-inches 
Number of Travel Lanes: 1 AA.DT: 7,150 (1989) 
Shoulder Width: 10 feet 
141 
L'I'TP SITE NO. 17 
KENTUCKYH 
~---------------------------------------------~----~-----------OWSI.:;EY"t,"ffi:JN'ff;REN'I:'Be:I§:Y-------------------------~---~------~--~-~----------
'I'ravel Direction: South Approximate Grade: -2.3% 
Street/Road Type: State Secondarv Super Elevation: Yes 
Mile Point: 1:3.8 Layer Thickness 
Length: 500 feet DGA: 6-inches 
Pavement Surface Type: AC AC: 7.5-inches 
Lane Width: 12 feet AADT: 2,640 (1989) 
Number of Travel Ltmes: il. 
Shoulder Width: 9 feet 
142 
L'J'TP SITE NO. 18 
DANIEL BOONE PARKWAY 
Travel Direction: West Approximate Grade: +1.07% 
Street/Road Type: Parkway Super Elevation: NQ 
Mile Point: 15.77 Layer Thickness 
Length: 500 feet DCA: 12-inches 
Pavement Surface Type: AC AC: 7.5-inches 
Lane Width: J2 feet A;\D'I': 5,000 (1989) 
Number of Travel Lanes: £ 
Shoulder Width: 8 feet 
143 
Travel Direction: East 
LTIP Sl'l'E NO. 19 
KENTUCKY80 
Approximate Grade: Vert. Curve 
Street/Road Type: State Primary Super Elevation: No 
Mile Point: 6.5 Layer Thickness 
Length: 500 feet AC: 20.0-inches 
Pavement Surface Type: AC AADT: 9,780 
Lane Width: 12 feet 
Number of Travel Lanes: ± 
Shoulder Width: 10 feet 
144 
Travel Direction: South 
L'l'TP SITE NO. 20 
us 119 
Approximate Grade: Vert. Curve 
Street/Road T'ype: State Primarv Super Elevation: No 
Mile Point: fl.4 Layer Thickness 
Length: 500 feet DGA.:Q 
Pavement Surface Type: AC AC: 11.5 
Lane Width: 12 feet AADT: 10,800 
Number of Travel Lanes: i 
Shoulder Width: 10 feet 
145 
LTTP SITE NO. 21 
US 23 LOUISA BYPASS 
------ ---------------- - -----------------------l,AWRENGE-f'..OUNT'?;KEN'l'UGK¥-~ -----------------------~-----------
Travel Direction: North Percent Grade: Vert. Curve 
Street/Road Type: State Primary Super Elevation: No 
Mile Point: 17.5 Layer Thickness 
Length: 500 feet DGA: 4-inches 
Pavement Surface Type: AC 57 Stone: 4-inches 
Lane Width: 12 feet AC: 13-inches 
Number of Travel Lanes: ± AADT: 5,740 (1989) 
Shoulder Width: 10 feet 
146 
APPENDIXB 
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